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THE ACTION OF ASMIMONIA GAS UPON MOLYBDENYL 
CHLORIDE. 


By EDGAR F. SMITH AND VICTOR LENHER 
Received May 26. 

|* 1857, Tuttle (Annalen, 101, 285) studied the action of am- 

monia upon molybdenum trioxide and molybdenum chloride 
(MoCl,). In the case of the trioxide the temperature at which 
the reaction was made approached a red heat. The resulting 
product was in part black in color and possessed metallic luster. 
Its analysis revealed the pressure of nitrogen, hydrogen, and 
molybdenum. The quantity of the latter constituent equaled 
92.9 per cent. Upon conducting the experiment at more elevated 
temperatures the product was found to contain 77.9 per cent. 
and seventy-three per cent. of molybdenum, while the hydrogen 
content did not exceed 0.18 per cent. The results consequently 
were not constant. 

On exposing molybdenum chloride to the action of ammonia 
gas, at a temperature just sufficient to volatilize the ammonium 
chloride which arose in the reaction, Tuttle obtained a black, 
metallic, sintered mass. It was found to contain 82.83 per cent. 
of molybdenum and was assumed to have the composition ex- 
pressed by the formula: Mo,N,+ Mo (NH,),, analogous to a 
compound of tungsten obtained in a similar manner by Wohler 
(Annalen 78, 190). 

Several years after the publication of the preceding investiga- 
tion Uhrlaub presented an inaugural thesis entitled ‘‘ Die Ver- 
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bindungen einiger Metalle mit Stickstoff’’ (Gottingen, 1859), 
from which we collate the following interesting facts. 

In the action of ammonia gas in the cold upon molybdenum 
chloride much heat was evolved and a black colored product 
resulted ; its analysis showed the presence of 76.457 per cent. of 
molybdenum, 23.134 per cent. of nitrogen and 0.677 per cent. of 
hydrogen. In subsequent experiments Uhrlaub employed a 
more intense heat, thus hoping to estimate the slight hydrogen 
content, but this element continued to show itself in his various 
products, until on raising the tube in which the reaction took 
place to an intense red heat he obtained a compound that on care- 
ful analysis gave a composition which may be expressed by the 
formula Mo,N,. In other words a molybdenum nitride had 
been formed by action upon the chloride of the metal with am- 
monia gas at a high temperature. 

When Uhrlaub tried the action of ammonia upon molybdic 
acid at a gentle heat he obtained ‘‘ pseudomorphosen,’’ as he 
designates them, bluish-black in color. Several were prepared ; 
they varied much in composition. Uhrlaub attributes this 
variation to the different degrees of heat employed and to the 
length of time during which the heated molybdenum trioxide 
was exposed to the action of the gas. . 

The preceding facts indicate that the action of ammonia gas 
either upon the trioxide or chloride is not as simple as might 
be presumed. An amide that might well be expected in either 
case appears not to have been obtained either by Tuttle or 
Uhrlaub'. We hoped to reach this result by the action of am- 
monia gas upon molybdenyl chloride in accordance with the 
equation : 

MoO,Cl, + 4NH,= MoO, (NH,),+2NH,Cl. 


It will be noticed that we apply the term molybdenyl1 chioride 
to the compound generally called molybdenum dioxychloride. 
Our assumption of molybdeny] is based upon the terms sulphury], 
chromyl, etc., applied to compounds possessing a constitution 
similar to that of the dioxychloride of molybdenum, MoO,Cl,, 
So,Cl,,CrO,Cl.,. 


1 The primary object of these chemists seems to have been the preparation of molyb- 
denum nitrides 
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Preparation of Molybdenyl Chloride.—Of the various methods 
proposed for the formation of this derivative of molybdenum we 
discovered that the action of dry chlorine on the dioxide of the 
metal yielded by far the most satisfactory product, both as to 
purity and quantity. The molybdenyl chloride forms at a very 
gentle heat quite rapidly and sublimes in feathery crystals. 
Schulze (/. prakt. Chem., 29 (N. F.) 440) in discussing the 
action of molybdic acid upon metallic chlorides proposes this 
procedure for the object we had in view, but we failed to meet 
with success in our application of the method; the yield was 
not very abundant. 

The crystalline molybdeny] chloride prepared, as just described, 
was introduced into porcelain boats and these placed in tubes 
of hard glass, through which we conducted a brisk current of 
well dried ammonia gas. The molybdenyl chloride immediately 
assumed a deep black color, much heat was evolved and copious 
fumes of ammonium chloride vapor were carried out of the 
tube. Considerable moisture also collected upon the anterior 
portion of the combustion tube. At last, heat sufficient to expel 
any ammonium chloride retained by the compound was applied ; 
but this was not done for a longer period than half an hour. 
The boat and contents were cooled in ammonia gas. The pro- 
duct of the reaction was placed over sulphuric acid to absorb 
any retained gas; a portion of it was also washed with water 
and the aqueous solution examined for chlorine, but this was 
not found present. In general appearance the product was 
metallic and black in color. Analyses were made of different 
preparations. The molybdenum content was determined by 
oxidizing weighed portions of material with dilute nitric pw: 
evaporating carefully to dryness, finally applying a gentle he 
for a period of fifteen minutes. 

The hydrogen was estimated by burning the substance in a 
current of oxygen, and collecting the water that was produced 
in a weighed calcium chloride tube. 

The nitrogen estimations were three in number ; one of them 
was carried out by the method of Dumas, while the other two 
were made by the soda-lime process. 

The oxygen was obtained by difference. 
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Our analytical results may be tabulated as follows: 


Substance taken. MoO, found. Mo per cent. 
Rictsmn'ss pele oie 0.1047 gram 0.1156 gram 73-65 
Decotaie secs ose, 0, 2000 — ** 0.1108 73-42 
Zoccceecvcees 0.1004 ‘ Ortio. . ** 73-70 
sw atere sarsisies o,1o25" *** ott «| 73-47 
Paiadels< wes oferty “* 0.1126 | ** 73.80 


The mean molybdenum percentage of these five determinations 


is 73.61 per cent. 
Hydrogen determination : 
Substance taken. Water found. H per cent. 


0.2088 gram 0.0082 gram 0.43 


Nitrogen determination : 


Substance taken. Pt found. N per cent. 
Levees seeeee O1510 Gram 0.0643 gram 6.05 
chs wares 0.1529“ 0.0642 ‘ 5-96 


The nitrogen found by the Dumas method equaled 6.00 per 
cent. and the mean of the three nitrogen estimations was also 
6.00 per cent. 

Two-thirds of this nitrogen content were expelled when our 
compound was exposed to the action of hydrogen at the highest 
temperature attainable with a good combustion furnace. Tak- 
ing the mean of our analyses as a basis for calculation, 


Per cent. 
Molybdenum Palgaiee Was Se alae e us Mee eee Rs 73.60 
Nitrogen --++ ee ee cece cece eee cence wees eeccee 6.00 
Hydrogen «++. esse cece cece cece ee ence essecs 0.43 
Oxygen (by difference) «+--+ -++- eee eeeeee 19.96 


We deduce Mo,O,N,H, as the most probable empirical for- 
mula, which may be variously written to express the enigmati- 
cal constitution of this compound. Thus it might be MoO 
(NH),.MoONH.3Mo0,, or 4MoO,.Mo(NH),, which may be 
correctly termed tetra-molybdenyl molybdenimide. 

Our compound is stable in the air. Hydrochloric acid does 
not affect it. Nitric acid of sp. gr. 1.42 causes it to burn very 
energetically. Dilute alkalies attack it very sluggishly. It 
liberates ammonia when fused with caustic potash, when heated 
in a current of oxygen it is slowly oxidized. Heated in nitrogen 
gas the black compound loses water and assumes a reddish color. 
The analysis of this product indicates that it probably was 
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molybdenum dioxide mixed with a very small amount of nitride ; 
at least traces of nitrogen were found upon examination. 
Another interesting observation was that when the black pro- 
duct was introduced into an aqueous solution of silver nitrate, 
crystals of metallic silver gradually appeared over the surface of 
the molybdenum compound. 

We obtained our first product several times, but care must be 
exercised and the same conditions, noted by us, strictly observed 
if success in its formation is desired. 

An examination of Uhrlaub’s analytical results will show that 
one of his products approaches very closely the compound we 
have just described. He speaks of it asa black ‘‘ pseudomorph ”’ 
with the composition 


Per cent. 
Molybdenum .........- Civ Cee Relea eae 73.55 
Nitrogen ....ecccccccccc cscs ccceccncs cece 5.58 
Hydrogen -.-- eecececccccccccccccesccecens 0.54 
Oxygen TEEPETTLT REET S TEE 20.30 


The formula deduced from these figures differs from that pre- 
sented by us, and what is more, if we understand Uhrlaub cor- 
rectly, his compounds prepared from ammonia gas and molyb- 
denum trioxide were all ‘‘ blau-schwarz’’ in color, and were not 
acted upon in the cold by nitric acid (see his dissertation pp. 13, 
14,17). However, it is evident that the product we obtained 
by the action of ammonia gas upon molybdeny] chloride is not the 
amide we had in view. ‘Thinking that perhaps the heat we ap- 
plied to drive out the final traces of occluded ammonium chloride 
may have been sufficient to alter the composition of the product 
formed at first we allowed the ammonia to act upon the molyb- 
denyl chloride at the ordinary temperature, and when there was 
no further evolution of ammonium chloride and the boat had 
become perfectly cold', we introduced carbon dioxide, applying a 
very gentle heat at the same time, but we failed to achieve our aim. 
Nitrogen, when substituted for carbon dioxide, gave no better re- 
sult. We next dissolved molybdenyl chloride in the purest ether 
we could get and conducted ammonia gas into this solution. We 

1 Portions of the product removed at this stage and shaken with cold water decom- 


posed into a mixture of blue and brown colored masses. The possibility of removing 
the ammonium chloride in this manner was therefore excluded. 
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obtained decomposition products. A closer examination of the 
behavior of the molybdeny] chloride towards ether revealed the fact 
that the moment the twocame in contact aslight hissing sound was 
perceptible and the ether at once imparted a strong acid reaction 
to blue litmus. The same was observed when pure chloroform 
was employed as a solvent. 

If molybdenyl chloride be gradually heated in an ammonia 
atmosphere until the tube of hard glass becomes bright red in 
color, and the gas action continued for the period of an hour, 
the resulting product will be an amorphous, metallic, black 
mass. Subjected to analysis, it gave results as appended : 

Molybdenum Determination : 

Substance taken. MoO, found. Mo, per cent. 
0.1042 gram 0.1061 gram 67.87 

Nitrogen Determination.—o.1025 gram substance burned with 
soda lime gave 7 per cent. nitrogen. 

Hydrogen Determination.—o.1012 gram substance ignited in 
a current of oxygen gave 0.0109 gram of water equal to 1.19 
per cent. hydrogen. 


Per cent. 
Molybdenum .....5 esse seee cece cesecccece 67.87 
Nitrogen .--ee cece cece cccececnes cece cceees 7.00 
Hydrogen chats aiinah bw drentens ona oul & weet Carew 1.19 
Oxygen (by diff,).....-sssscccccccscescece 23.94 


The empirical formula deduced from these figures is 
Mo,O,,N,H,,, which can also be written: 


4Mo0,.2Mo0,(NH,),.MoO,NH,,. 


Dilute alkalies have no effect upon this compound; but it 
liberates ammonia when fused with caustic potash. It is con- 
verted into molybdenum trioxide very energetically, with evolu- 
tion of sparks, when brought in contact with cold nitric acid. 

Other products were obtained by us. Their analyses lead us 
to the conclusion that with us, as with Uhrlaub, the composi- 
tion of the derivative depended wholly upon the length of time 
during which the gas acted upon the molybdenyl chloride, and 
upon the degree of heat employed in the experiment. It seems 
highly improbable to us that the amide, MoO,(NH,),, molyb- 
denyl amide, can be prepared ‘after the fashion pursued by us, 
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for it is quite certain that the heat of the reaction evolved in the 
first contact of the ammonia with the molybdeny1 chloride exer- 
cises a very potent influence upon the composition of the 
product. 

When we recall the action of ammonia gas upon sulphur 
trioxide and sulphuryl hydroxychloride resulting in the forma- 
tion of compounds of the following constitutions : 


/80,0H /80,0H 

H,N.SO,.0H HN N—SO,OH 

Amido sulphuric acid h S$0,0H \ SO.OH 
Imido sulphuric acid Nitril-sulphuric acid 


the question that obtrudes itself is, are not these products and 
their methods of formation types of the processes and results 
that have occurred not only in our studies described in this 
paper, but also in the studies of Tuttle and of Uhrlaub?"' Are 
not their products, as well as our own, only residues of amido, 
imido and nitrilo-molybdic acids? Above we have written for 
our first product the constitutional formulas, 
MoO(NH),.MoONH.3Mo0,, and 4MoO,.Mo(NH),, 
but after considering the sulphur types we would express our 
empirical formula Mo,O,.N,H, differently as follows: 
,/ MoO, 
HN\ 
/ MoO, 
HN 
MoO, 
HN 
MoO, 
We have here several broken down molybdenyl amide nuclei 
in conjunction, not chemically combined, with metallic molyb- 
denum. Reviewing the behavior of the product which we thus 
graphically represent we may be allowed to emphasize the fact 
that when it was brought in contact with an aqueous argentic 
nitrate solution metallic silver was precipitated, and this we 
know from an observation of Smith (Zéschr. anorg. Chem., 1, 
360) is a property of metallic molybdenum. Further, it will be 





2 At least in so far as the action of ammonia gas upon molybdenum trioxide was 
concerned 
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recalled that when our product was heated in an atmosphere of 
nitrogen it left a reddish colored compound that, upon analysis, 
approximated the requirements of molybdenum dioxide, and 
that traces of nitrogen were also detected in it. All these ex- 
perimental facts find expression in our graphic representation 
above. 

The second product obtained by us was even more active 
when introduced into a silver nitrate solution, throwing out 
metal quite rapidly, proving in our opinion the presence in it of 
even a greater quantity of metallic molybdenum than is con- 
tained in the first body. Similar reduced molybdenyl amide 
nuclei, mixed with metallic molybdenum, could also be con- 
structed for our second compound and be in harmony with the 
observed deportment of this body if it were necessary. 


UNIVERSITY OF PENNSYLVANIA, 
MAy 16, 1893. 


ACTION OF AMMONIA GAS UPON WOLFRAMYL 
CHLORIDE. 
By EDGAR F. SMITH AND OWEN L,. SHINN. 
Received May 26, 1893 

HE results obtained by Smith and Lenher in their investi- 

gation of the action of ammonia gas upon molybdenyl 
chloride suggested the idea of making similar research with 
tungsten, chiefly for the sake of comparison. It will be recalled 
that Wohler (Anzalen, 73, 190) carried out a careful investiga- 
tion on the behavior of ammonia toward both tungsten trioxide 
and tungsten chloride. He succeeding in preparing by the first 
process the compound 3WN,+W,N,H,+2W0O,, and by the 
second, the compounds 2WN,+ WN,H, and W,N,+ WN,H,,. 
These experiments did not yield either a simple nitride, or an 
amide. They were, however, the patterns for the later investi- 
gations of Tuttle and those of Uhrlaub, although their final 
results were in reality not what they had hoped to get. The 
attempts of Smith and Lenher were not any more fruitful, when 
we remember that they sought to prepare molybdenyl amide, 
MoO,(NH,),. While a like result was naturally to be expected 
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in the action of ammonia upon wolframyl chloride, WO,CL,, it 
seemed to us to be worth the while to develop as much light 
upon the reaction as possible. Hence it was followed with the 
results that will appear later. 

Preparation of Wolframyl Chloride, WO,Cl,.— We experienced 
no difficulty in getting this derivative by the direct action of 
dry chlorine upon the dioxide of the metal. It is true that 
slight amounts of tungsten oxytetrachloride were formed simul- 
taneously, but these were quite easily and quickly eliminated 
by exposing the WO,CI, to a very gentle heat in an atmosphere 
of carbon dioxide. The resublimed product was employed by 
us in the experiments which were made. 

Wolframyl Chloride and Ammonia.—The wolframyl chloride 
was placed in porcelain boats and these introduced into a hard 
glass tube through which a brisk current of dry ammonia gas 
was conducted. It will be recalled that the moment the gas 
came in contact, at the ordinary temperature, with the molyb- 
denyl chloride, the latter at once assumed a deep black color, 
clouds of ammonium chloride, water, and much heat were 
evolved. With wolframyl chloride and ammonia there was no 
visible sign of action. The chloride remained unaltered even 
after the gas had passed over it for an hour. We thus observe 
here a marked difference in the conduct of these two similarly 
constituted chlorides, MoO,Cl,, and WO,Cl,, towards ammonia, 
the first being exceedingly reactive, while the second was abso- 
lutely inert, at least at the ordinary temperature. Upon apply- 
ing heat to wolframyl chloride while exposed to the ammonia 
vapor, a slow change began. Fumes of ammonium chloride 
were evolved, and in time the entire mass became black in 
color. It was not until an intense heat was applied that the 
product became uniform in appearance. When ammonium 
chloride ceased to be formed the boat and contents were allowed 
to cool in ammonia. The metallic mass was allowed to stand 
over sulphuric acid during the night in order that any adhering 
ammonia might be absorbed. Portions of it were also exam- 
ined for chlorine, but this was not found. 

Tungsten Determination.—The material was evaporated sev- 
eral times to dryness in a porcelain crucible with moderately 
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concentrated nitric acid. The residue was then heated for a 
period of fifteen minutes with the direct flame. The tungstic 
acid was bright yellow in color and free from lower oxides. 


WOs3. W, per cent. 
(a) 0.1025 gram substance gave 0.1106 gram = 85.75 
(0) ¢,10a8. “* re ‘© o.1108 «| == 85.40 


Nitrogen Determination.—The estimations were made by 
igniting the substance with soda lime. 


N. N, per cent. 
(a) 0.1054 gram substance gave 0.00744 gram = 7.06 
(6) 0.1009“ sf “9100665  <*" "==6:60 


Hydrogen Determination.—o.1609 gram _ substance gave 
0.0028 gram water, equal to 0.193 per cent. 

The preceding percentages led to the empirical formula, 
W,N,O,H,, which could also be graphically written so as to 
indicate the presence of broken down wolframyl amide nuclei, 
just as was done by Smith and Lenher in their discussion of the 
constitution of the products obtained from molybdenyl chloride 
and ammonia. 

Our tungsten derivative is jet black in color, and it is insolu- 
ble in water. Hydrochloric acid is without action upon it. 
Concentrated nitric acid oxidizes it very rapidly with the evolu- 
tion of sparks. Dilute alkalies do not alter it, but fusion with 
caustic potash liberates ammonia gas. When introduced into 
an aqueous solution of silver nitrate it causes the separation of 
crystals of metallic silver. This behavior we assume to be in- 
dicative of the presence of metallic tungsten in the compound, 
for it has already been observed that metallic tungsten, like 
metallic molybdenum,’ precipitates silver quantitatively from its 
salt solutions. Hoping that we might perhaps obtain direct 
evidence of the presence of the group WO, (which we believe 
to be present) if we dissolved our product in sulphuric acid and 
then titrated with potassium permanganate, we made this at- 
tempt. We heated the black material with sulphuric acid (sp. 
gr. 1.8) in sealed tubes for several days at temperatures ranging 
from 180°-250°, but it was unaltered. We must therefore be 
satisfied to represent our reaction product as we have already 
represented it, and abstain from any graphic formulation as was 


1 Ztschr. anorg. Chem., 1, 360. 
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done with the molybdenum derivative, although by analogy we 
might deduce a similar structure. We tried the action of am- 
monia upon wolframyl chloride suspended in ether (it is not 
soluble in this menstruum), and also in chloroform, but obtained 
green colored decomposition products. 

Our experiments demonstrate: (1) that wolframyl chloride 
behaves very differently from molybdenyl chloride at the ordi- 
nary temperature when exposed in an atmosphere of ammonia ; 
(2) that the reaction product is not a true amide, but in all 
probability a union of disintegrated amide molecules; and (3) 
that metallic tungsten is present in the product. 


UNIVERSITY OF PENNSYLVANIA, 
MAY 23, 1893. 


DETERMINATION OF ORGANIC MATTER BY MOIST 
OXIDATION. 
By H. HEIDENHAIN. 
NY chemist who has carried out combustions by the ordinary 
A dry process knows how much time is required, and what care 
must be observed, to obtain results of practical value. In 
technical work, where time is limited, the combustion process 
is resorted to only when nothing else will give the desired 
result. 

Many attempts have been made to shorten and simplify the 
general process of organic elementary analysis, but for carbon 
and hydrogen we have, as yet, no process which accomplishes 
what the Kjeldahl method does for nitrogen. 

I have tried to solve this problem by employing a wet method 
in place of the ordinary dry one. The advantages of a wet 
process are evident. First, the trouble of preparing the copper 
oxide, or substitute, would be saved. Besides this, it would 
not be necessary to have the substance in the dry condition, 
and finally, much simpler apparatus could be used. Instead of 
the combustion tube and the combustion furnace, a simple 
burner and a flask may be used. 

I am sorry to say that, at the present time, the methods of 
combustion by the wet process have not been improved so 
much that all substances can be determined. What has been 
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accomplished in solving the problem, I will explain in the 





following : 

There are two substances which are used as oxidizing 
materials for combustions by the wet process—permanganate of 
potash and chromic acid—the latter as free chromic acid and 
in the form of bichromate of potash. Both oxidize in presence 
of sulphuric acid. The permanganate is used only for a few 
special purposes, namely for the oxidation of oxalic acid, the 
well known quantitative method for determination of glycerine 
according to Planchon, whereby the oxidation is not a com- 
plete one, and finally, for determination of the organic matter 
in water, a method which does not give absolute, but only 
relative results. More generally chromic acid is employed. 

The oldest directions in regard to employment of a chromic 
acid and sulphuric acid mixture for the determination of carbon 
seem to be those of the Rogers brothers, published in 1847. 
The authors mentioned worked with a highly concentrated 
sulphuric acid, namely five parts of acid and one part of 
water, and used bichromate of potash. ‘They employed the 
method only for determination of carbon in graphite, which 
can be oxidized only with great difficulty by the dry process. 
The carbonic acid developed was absorbed by an absorption 
apparatus and was weighed. 

Ullgren improved this method by using free chromic acid 
instead of bichromate, in order to prevent the formation of 
sulphate of chromium and potassium, which covered the par- 
ticles of carbon so that the mixture could not act upon them. 
Ullgren employed this method also for the determination of 
carbon in iron and steel. He worked with a mixture less 
strong than that used by Rogers. His method is found in all 
manuals of quantitative analysis, and is preferred in general to 
the dry combustion process. 

It was only one step further to employ these methods in the 
determination of the carbon in carbon compounds. Bossingault 
first did this. Unfortunately, I have not been able to find any 
of the particulars of his method. 

Messinger used no new principle in this method as ap- 


plied by him. He worked usually with 0.15-0.35 gram sub- 
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stance, five to six grams chromic acid or bichromate, and 
thirty-three cc. sulphuric acid. He heated only slightly. He 
says that he got good results with almost all substances; only 
with very volatile substances he did not succeed. He varied 
his method according to circumstances, and prescribed special 
methods for substances containing sulphur, phosphorus, arsenic, 
antimony, chlorine, bromine, and iodine. In all cases he 
weighed the carbonic acid. 

Legler used the chromic acid mixture only for a special pur- 
pose, namely for determination of glycerine. He took 0.75-1 
gram of the substance, and heated for each one-fourth gram 
one hour. In contradistinction to the methods mentioned 
above, Legler operated in the so-called ‘‘two flask’’ apparatus, 
whereby the carbonic acid was calculated from the loss of 
weight. This seems, at first, to be of no importance, but is 
really of great importance. 

All methods described suffer from a fundamental error. The 
merit of detecting this error belongs to Cross and Bevan, who 
worked in company. They tried to oxidize cellulose by the 
chromic acid mixture, and did that first in the ‘‘two flask’’ 
apparatus according to Legler, and then for control, according 
to Ullgren. The results of these two methods did not agree. 
They assumed that in the process of oxidation, not only carbon 
dioxide, but also the monoxide, was formed. They tested, 
therefore, the gas developed by both methods, and found car- 
bon monoxide in both cases. Of course, the error must be 
larger in those methods in which the carbonic acid is weighed 
in an absorption apparatus, than in those in which it is shown 
by the loss of weight. In the latter, only the second atom of 
oxygen, which ought to oxidize the monoxide to dioxide, 
escapes observation, while in the first the whole of the carbon 
monoxide escapes. ‘The errors must be in the proportion of 
16:44. Cross and Bevan prevented this error in theory per- 
fectly by measuring the gases, as carbon monoxide and carbon 
dioxide contain the same amount of carbon in the same volume. 
In practice there were some difficulties. A concentrated mixture 
of chromic and sulphuric acid develops oxygen when heated, 
and that had to be prevented. Therefore, they determined 
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the proportion of the ingredients in which the evolution of 
oxygen below 100° C. did not take place. At the end of the 
operation the liquid has to be heated to accomplish oxidation 
and to remove carbon dioxide from the solution. A little will 
remain, nevertheless, because the solution will not boil at 100° 
C., as it contains sulphuric acid and salts. For this reason a 
correction for the absorbed carbon dioxide is necessary. 

The method is, briefly, as follows: 

Take enough of the substance to develop 90-100 cc. gas. 
The substance is dissolved in nine cc. sulphuric acid, and 
chromic acid is added in excess of thirty per cent. First, 
the temperature is kept between 60°-70°, then raised to 100°. 
Cross and Bevan published very good results. Only fatty acids 
and bases containing nitrogen could not be oxidized completely. 

Cross and Bevan’s discovery of the carbon monoxide in the 
products of oxidation called the attention of Professor Fresenius 
to the same point. Fresenius engaged Widmer to criticize 
Ullgren’s method. Widmer found that also in the oxidation of 
graphite carbon monoxide is formed. He proved that by 
passing the gases leaving the absorption apparatus over heated 
copper oxide, carbon dioxide was produced. He determined 
the quantity, and found the surprising result that the error 
amounted to 6.58 per cent. to 4.72 per cent. in a graphite con- 
taining about ninety per cent. of carbon. In order to get 
correct results, it is necessary to oxidize the carbon monoxide 
in the current of gas before it reaches the absorption apparatus, 
by passing the same through a small combustion tube. 

Hehner, who, like Legler, employed the chromic and sul- 
phuric acid mixture for determination of glycerine, introduced 
a new principle in these methods. He did not weigh or measure 
the products of oxidation, but determined the amount of 
oxygen used for oxidation. Hehner took 0.4 gram substance, dis- 
solved in twenty-five cc., added 40-50 cc. of a concentrated solution 
of bichromate and fifteen cc. sulphuric acid. This mixture was 
heated two hours in a water bath. Then it was diluted, and 
the chromic acid, which remained intact, determined. He 
convinced himself that glycerine, in this way, was completely 
oxidized, and found at the same time that the soluble fatty 
acids remained intact. 
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Kjeldahl has recently published a method of combustion by 
chromic acid, but I am not acquainted with the details as 
worked out by him. 

I wish now to explain the method as employed by myself. 
In some respects it resembles the Hehner method, and was first 
carried out in detail in the laboratory of Dr. Endemann, in 
New York, some three years ago, although work had been done 
on it several years earlier. 

I employ in this process: (1) A # solution of potassium 
bichromate ; (2) chemically pure sulphuric acid; (3) the usual 
volumetric apparatus for titration; (4) solutions of potassium 
ferricyanide and ferrous sulphate or ammonium ferrous sul- 
phate; (5) the apparatus shown in the cut, the characteristic 
feature of which is the condenser. This is inserted in the 
neck of the boiling flask, so that the condensed vapors come 
in contact with glass only ; 
(6) the solution of the sub- 
stance to be examined, which 


should not be stronger than . 


5 

The method is carried out 
as follows: ‘Twenty-five cc. 
of the solution of the sub- 
stance is mixed with thirty 
cc. of the = solution of potas- 
sium bichromate, and then 
thirty-three cc. concentrated 
sulphuric acid are added. 
The whole mixture is heated 
on a wire gauze until it 
begins to boil. Then the flame is regulated so that the liquid 
boils up from time to time. During the heating, the return 
condenser is kept in action. Most of the vapors are condensed ; 
small losses of the volume are of no importance. After boiling 
is continued for ten minutes the flask is removed from the flame, 
and the excess of chromic acid is determined in the usual 
manner. I must mention here that it is not necessary to cool 
or to dilute the solution before titration. 

The above mentioned proportions of the solution of the sub- 
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stance of chromic acid solution and sulphuric acid are not 
accidental, but are the result of a number of experiments in 
regard to which I want to say a few words, as they are of 
importance. 

It is desirable to use as much sulphuric acid as possible in 
order to act energetically upon the organic substances, and to 
get high temperatures. On the other hand, a decomposition of 
chromic acid by the sulphuric acid alone must be prevented. 
To find the proper proportion I heated mixtures of } potassium 
bichromate and sulphuric acid alone for thirteen minutes. I 
started with very large quantities of sulphuric acid and reduced 
the same gradually, until the point was found where the 
decomposition was so small that it could be neglected. 

For instance, I took in a first experiment 23 cc. } K,Cr,O,+ 30 
cc. H,SO,. The decomposition corresponded to 2.65 cc. } K,Cr,O,. 
Then I took 23 cc. # solution+ 20cc. H,SO,. The decomposition 
amounted to 0.25 cc. 3. Finally, I took 23 cc. } + 15 cc. H,SO,. 
The decomposition was 0.05 cc. } K,Cr,O,. 

Purposely I stopped here, and did not reduce the sulphuric 
acid any more, as, firstly, an error of one-half tenth of one cc. 
is very small and it may be neglected with safety; secondly, as 
the error must be still smaller in practical determinations, be- 
cause the main quantity will be reduced inside of the first 
minute. Therefore, the decomposition of chromic acid by 
action of the sulphuric acid alone can take place only in the 
excess of added chromic acid. This excess is about five cc. 
or one-fifth of the quantity used in the blank experiment. 
Therefore, the decomposition cannot be larger than one-fifth of 
five-hundredths on one cc. or one-hundredth of one cc. 

Further, these five cc. are present in a volume of 25-+ 30+ 33 
= 88 cc. in a practical determination, while the twenty-five cc. 
in the blank experiment was present in 25-++15 cc.=40 cc. 
The dilution in the first case is eleven times larger than in the 
latter one. I will not say that the error is only one-eleventh of 
0.01 cc., but I am sure it is not larger than o.o1 cc. An error 
of 0.01 cc. may be neglected without scruple. 

Speaking of the practical use of the method, I do not claim 
that it is suitable for general use. On the contrary I would 
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wish to have it considered only as an empirical one. Quantita- 
tive oxidation is possible only with a small number of sub- 
stances, but almost quantitative results are obtained with very 
many substances. The method has, in my own opinion, about 
the same value as Allihn’s method for determination of sugar 
with Fehling’s solution. In a very similar manner it will be 
necessary to make tables in which the results empirically found 
are registered. I have commenced already to do this. I found 
that the oxidation is the more complete the larger the excess of 
chromic acid has been. In general, the figures run so close 
that it was sufficient to determine two points of the table, 
namely for 100 per cent. and for 40 per cent. All other points 
may be obtained near enough by interpolation. 

For the advantages of my method in comparison with other 
ones, I may mention that it is a quick one, and requires only 
very small quantities of substance. In parallel determinations 
I obtain very close results, which is due to the fact that all the 
conditions of the experiment can be easily followed. In con- 
clusion, I will give a short table of results by way of illustra- 


tion. 
Oxidized by a concentration 


Name of substance. equivalent to 
N an 
RGIS GOIN 6 sccenc.curccscase teew eevee 100.00 per cent. 100.00 per cent. 
Ur PUR WEN SMNEEE coo 5 s c's)d g weeale aelioa eeeeE (1) 99.48 “ 99.75 “e 
ss eekne seemed ence eee (2) 99.56 ee Cade 
DEIOSE 6 oon 6540 4ew be eek aeee es 98.45 $6 99.90 66 
Corn starch, commercial : 
With 11.66 percent. moisture--. 84.8 ue cose 
_ 10.34 rs es -- 85.6 : 
" 12.09 ? = -- 84.4 “ ones 
me 12.15 as ee aa 85.2 oe ead 
Average, 11.56 < as -» 85.0 2s 
Purest glycerine from Schering----(1) 97.50 a mare 
” 3 i ooee(2) 97-73 be Gack 
a 4 7 Es -+29(3) 97.65 3 eee 
RT! BON 5 9.s6 6s chad eRe ae naa eT ee Oo oO 
WIR RBEIEE Sd. 5 con: 2s aseiniteiccnerace ee buster «: 33.6 “ 
Alpha-naphthol ............ hisaiwcan”s elle 75.0 “ aceite 
Beta-naphthol ...,....esessecsceceees 83.0 “ edie 
Benzoic acid ....-..-- Cee eee ccecceccces Very little more than 90 per cent. 
Salicylic acid ...csccscccecccccccececs “ “ “ “4 “ 
Morphine .......0eeee cece cscs cccs cece 61 per cent. 


CHICAGO, JANUARY, 1893. 


1This experiment was made with a measured quantity, therefore not absolutely 
correct. I assume that alcohol will be oxidized exactly to acetic acid, and the result 
will be just 33} per cent 
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SOME PRODUCTS OF CASSAVA. ' 
By E. E. EWELL AND H. W. WILEY. 
OME four years ago one of us’ described a plant which has 
been grown in Florida for many years under the name of 
sweet cassava, the botanical name of which is Jatropha manthot or 
Aipi, From the analyses made at the time it was found that 
the plant was valuable for feeding purposes, being very rich in 
carbohydrates, although rather poor in albuminoids. Lately 
the subject has been studied to a much greater extent, with the 
object of preparing as large a number of products as_ possible 
from the plant, with the determination of their chemical prop- 
erties and food values. 
A large quantity of the root was obtained from Florida, the 
bark separated from the root, and each subjected to analysis 


with the following results : 
Fiber after removal 





Peeled root. of starch. Bark of root. 
Fresh. Dry. Dry. Fresh. Dry. 
BROISUISE: 60.0465 ces vewescese 61.30 a 61.30 
Ether extract..-.....+.ee.- 0.17 0.44 0.30 0.66 1.70 
Albuminoids (nitrogen X 
G.35) cccecacevccvcceccere 0.64 1.66 1.02 2.29 5-91 
Starch (diastase extract in- 
verted with HCl)........ 30.98 80.06 64.64 ones cose 
Fiber. .-...seeeee cess ceeees 0.88 2.26 10.68 3.83 9.89 
ASH ccccccccccccccccccccees 0.51 1.31 1.42 2.02 5-23 
Undetermined ...... ...... 5-52 14.27 21.94 29.90 77-27 
100.00 100.00 100.00 100.00 100.00 


With the starch in the analysis given above is reckoned also 
the soluble carbohydrates, consisting almost exclusively of 
cane sugar, and of which in an analysis of another portion of 
the dry substance as high as seventeen per cent. was found. 
The undetermined portion consists of the digestible fiber and 
carbohydrates of the pentose series. The pentosans in the fiber 
were determined by the furfurol process as modified by Krug, 
and the amount in the air-dried material was found to be 3.92 
per cent., and in the material after the removal of the starch, 
5-33 per cent. 


1 Read before the Washington Chemical Society, February 9, 1893. 
Wiley, Agric. Science, Vol. 2, No. 10, p. 256 et seq 
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The fresh root was found to contain 38.7 per cent. of dry 
matter, being considerably more than was found in the fresh 
sample of the previous analysis. Of this 38.7 per cent., 30.98 
consisted of starch and soluble carbohydrates. 

Experiments were made to determine the yield of air-dry 
starch which could be obtained from the roots by laboratory 
work. ‘Two sets of experiments were made. In the first set 
the roots were pulped on a Pellet rasp used for preparing beet 
pulp for instantaneous diffusion. ‘Twelve kilos of the unpeeled 
root were rasped in this way and the starch separated by wash- 
ing through a sieve of bolting cloth. The washings and 
settlings were collected and dried in the ordinary method of 
starch manufacture. ‘The yield of pure starch was 3105 grams, 
equivalent to 25.9 per cent. of the total weight of the root. 
The starch was almost absolutely pure, containing only a trace 
of nitrogenous matter. Inthe second experiment ten kilos of 
the root were ground in a pulping machine used for preparing 
green fodder for analysis. ‘The pulp was much less fine than 
that produced by the Pellet rasp. Treated in the same way, 
the yield of air-dry starch was 2360 grams or 23.6 per cent. 
One of the striking points in connection with the work is that 
the residue from the starch, which consisted largely of fiber, as 
will be seen by reference to the above analysis, contained still a 
large percentage of starch, showing that by the process em- 
ployed, the whole‘of the starch was not secured from the pulp. 

The cassava which grows in tropical regions contains a nota- 
ble percentage of hydrocyanic acid, so great in fact that it can 
not be used directly as a food. The so-called poisonous cassava 
is boiled to expel the hydrocyanic acid before being used for 
feeding purposes. A careful determination was made of the 
hydrocyanic acid in the fresh root, and the amount was found 
to be 0.015 per cent. While this shows a considerable quantity 
of hydrocyanic acid, it is hardly in proportions sufficiently large 
to be alarming. Nevertheless, any possible danger could be 
avoided before using the material as a food by subjecting it to 
a sufficient heat to expel the hydrocyanic acid. The hydro- 
cyanic acid seems to be distributed throughout the pulp, and 
particularly in the juices, which can be expressed from the 

















80 SOME PRODUCTS OF CASSAVA. 


pulp. No injurious effect from the hydrocyanic acid has ever 
been observed in the case of animals fed on cassava in Florida. 

The bark of the root was also subjected to analysis, as will 
be seen by reference to the table. It contained no starch, the 
undetermined matter being chiefly digestible fiber and pentosans. 

The mineral matters extracted from the soil are distributed as 
indicated in the table. The amount of ash in the root itself is 
quite low, showing that the cassava plant does not require a 
soil very rich in mineral constituents. The amount of mineral 
matter taken from the soil by roo kilos of the fresh root is ap- 
proximately only half a kilo. The albuminous matters are also 
present in small quantities, being only slightly larger in weight 
than the ash itself. The plant, therefore, is one which seems 
particularly suited to feed almost exclusively from the air and 
water, and hence is one which could be recommended on the 
sandy soils of Florida as a crop which would require the mini- 
mum of fertilization. 


COMPOSITION OF THE ASH. 


The ash of the peeled root and the bark of the root was sub- 
jected to analysis with the following results: 


ANALYSES OF THE ASH OF CASSAVA ROOT. 


Peeled root. Bark of root. 

Constituents. A. B. Mean. A. B. Mean. 

SOMEONES oc 5's anh o.5 5 oie eRe. 0's 0.30 0.31 0.31 0.79 0.77 0.78 
Silica (soluble in solu- 

tion of Na,CO,).-..--- 0.97 0.91 0.94 10.53 11.36 10.94 
Silica (insoluble in solu- 

tion of Na,CO,..-....- 7.15 7.25 7.15 52.99 52.16 52.58 

Ferric oxide (Fe,O,)---- 0.66 0.66 0.66 2.46 2.44 2.45 


Calcium oxide (CaO)... 10.63 10.64 10.64 6.58 6.65 6.62 
Magnesium oxide(MgO) 7.36 7-35 7.36 2:35 3.33 3-32 
Sodium oxide (Na,O)... 1.12 1.28 1.20 0.84 1.05 0.95 
Potassium oxide (K,O). 41.72 41.54 41.63 14.73 14.68 14.70 
Phosphoric acid (P,0;)- 15.58 15.59 15.58 2.44 2.46 2.45 
Sulphuric acid (SO,)---- 3.67 3.80 3.93 1.91 1.71 1.71 








Carbonic acid (CO,)---- 9.15 g.12 6.14 2.53 2.50 25% 
Chlorine (Cl)----+-++--- 2.76 2.95 2.75 1.41 1.42 1.41 
Total .---. sree cece eens 101.07 IOI.10 101.08 100.32 100.53 100.42 
Oxygen equivalent to 
EIGAIG sien a cieersivier 0.62 0.62 0.62 0.31 0.31 0.31 











Difference ............ 100.45 100.48 100.46 100.01 100.22 100.II 

















SOME PRODUCTS OF CASSAVA. SI 


From the above numbers it is seen that the ash of the peeled 
root is especially rich in potash, almost one-half of the total 
weight being composed of this substance. The potash is com- 
bined chiefly with carbonic and phosphoric acids. In the ash 
of the bark, as might be expected, silica is the predominating 
element, more than half the total weight consisting of this sub- 
stance. 

Assuming a yield of five tons of roots per acre, the weights of 
the important fertilizing materials removed by such a crop can 
be readily calculated from the data given. 

Since the bark forms approximately 2.2 per cent. of the en- 
tire root the total crop would be made up of the following 
amounts of bark and peeled root, which would contain the 
amounts of mineral given below: 

Peeled root, 9780 lbs., containing 49.88 lbs. ash. 
Bark of root, 220 ‘ sf 4.44 ** a 





10,000 ‘* ue 54.32 “ ie 


The more important mineral matters contained therein are : 





Ash from Ash from Total ash 
peeled root. bark. from 5 tons. 

49.88 Ibs. 4.44 lbs. 54.32 Ibs. 

Lite (Oa@) ceeds sccscsceccs 5.31 lbs. 0.29 Ibs. 5-60 lbs. 
Magnesia (MgQO)...-.++-eeee. 3.63: * e.g * A i 
Potash (1,0) +000 ceed ccs cccice 20.77 ‘ a6e * 21.42 ** 
Phosphoric acid (P,O,;) .---..- 7.97 8 auke * 7a." 
sare * 


The less valuable mineral plant foods—that is, those which 
are of so little note as to require no conservation or addition— 
amount to 17.60 lbs. per acre. 

Quite a number of preparations was made from the starch of 
the root, and among them may be mentioned: First, tapioca. 
The first portions of starch washed out, especially, produce an 
excellent article of tapioca when moistened and dried in the proper 
way. Second, glucose. Both the fresh root and the extracted root 
yield full theoretical amounts of glucose, and samples of this 
article were made by the conversion of the starch both by sul- 
phuric acid and diastase. The samples of glucose made from 
the starch were exceptionally good, especially when diastase 
was used, the glucose in this case containing large quantities of 
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maltose. Commercially it would be more profitable to make 
the glucose directly from the fresh root, in which case the con- 
siderable percentage of cane sugar contained by it would be 
saved, whereas if glucose is made from the starch the cane 
sugar is previously washed out. On account of the presence of 
the bark, however, the glucose made from the whole root is not 
so fine in quality as that made from the pure starch. Third, 
alcohol. The glucose on fermentation affords the usual quantity 
of alcohol. Fourth, cane sugar. A beautiful preparation of 
cane sugar was made from the water used in washing out the 
starch. The amount of cane sugar, however, is not large 
enough to warrant its extraction on a commercial scale from the 
waters used for washing. It is, however, present in sufficient 
quantity to indicate that in making glucose it is better to use 
the whole root as indicated above. 

The general result of the analytical work is such as to estab- 
lish the fact that the cassava is a plant of high economic value 
and worthy the attention of those interested in the carbohydrate 


products of the country. 


[CONTRIBUTIONS FROM THE CHEMICAL LABORATORY OF THE U. S. DE- 
PARTMENT OF AGRICULTURE; SENT BY H. W. WILEY.—NO. 3.] 
AIR DRYING OVEN. 

By Dr. G. I. SPENCER. * 

Received May 3, 1893. 

HIS oven is made of Russia iron, with double walls, and 

is cylindrical in shape. ‘The walls are about one inch 
apart, and the space between them is filled with some non- 
conducting material; plaster of Paris is very convenient for this 
purpose. The bottom of the oven is also double, the outer 
bottom being made of Russia iron and the inner bottom—placed 
at a distance of one-half an inch from the outer one—is made of 
copper. The space between the two is filled with air. The 
object of having the inner bottom of copper is to allow a speedier 
and more even distribution of the heat, which is imparted from 
a lamp placed below the outer bottom. The top of the oven is 
also made double, with perforations sufficiently large to admit 


1 Presented to the Washington Chemical Society, April 13, 1893 
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the drying flasks. The space between the tops is also filled 
with some non-conducting material like plaster of Paris. 

After the flasks are placed in position the open space is closed 
by a cover, in the center of which is a hole through which the 
neck of the flask passes. ‘The oven is heated with a cylindrical, 
flat, copper lamp, which is regulated by an ordinary mercury 
regulator. The air within the oven is kept in motion by a fan, 
B, driven very conveniently by a small toy engine connected 
with the exhaust or compressed air service. 

The drying flask, A, is made with a rounded bottom, and its 















































he a ee ee 


content ranges from 150 to 200 cc. It is closed with a rubber 
stopper carrying a water trap bulb, H H', arranged in such a 
way that the vapor of water which condenses within the exhaust 
tube, instead of falling back into the flask, remains trapped in 
the water bulb. All the flasks in the oven are connected by 
means of a common connection, E, with a vacuum pump capable 
of producing a vacuum of from twenty-six to twenty-seven 
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inches. The temperature at which the drying is to be made 
can be fixed at any desired point, from low temperatures up to 
as high as can be safely used without charring the material to 
be desiccated. For ordinary work the lamp is set for a temper- 
ature of 100°. 

From six to eight of these drying flasks are connected ex 
batterie with the pump. Each one can be connected or dis- 
connected with the pump by its stop cock, G. If a current of 
hydrogen is to be introduced into the drying flask it is easily 

D’ accomplished by passing a 
very small glass tube through 
the cork, joined to another 
tube by a rubber connection 
immediately below the cork. 
The inner tube should pass 
nearly to the bottom of the 
flask and be weighed with it. 
The hydrogen is sucked into 
the flask, passing through a 
wash bottle containing caustic 
soda and then sulphuric acid 
and over solid potash. The 
speed of the current, which 
need not be very great, is controlled by a stop or pinch cock. Any 
of the sample which may touch the inner tube during the 
intumescence caused by desiccation remains thereon and is 
weighed at the end with the tube which is detached and left in 
the drying bulb. 





THE RIVER NILE. 
By H. DRoop RICHMOND, LATE SECOND CHEMIST TO THE EGYPTIAN GOVERNMENT. 
Continued from p. 42. 

N order to more readily compare the different analyses, I 
adopted a modification of Wigner’s scale (Azalyst, IV. c. f. 
Muter, Analyst 8, 93). I do not agree with Wigner that a scale 
can be constructed for all waters, but I am of opinion that in a case 
like this, when a number of waters of the same origin have to 
be compared, that it is of use, though not of rigid exactitude. I 
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wish to state distinctly that my scale is for the water of the Nile 
only after double filtration through paper (and in a few other 
occasional cases). 

In drawing up my scale and limits I took into account the ori- 
gin of the impurities in the Nile, its rapid self-purification, the 
absence of nitrates, and other small points ; the task of giving all 
the reasons in detail would be too difficult and lengthy to per- 
mit their publication in a paper of this kind, and I give the scale 
adopted without further comment. 


Each 0.005 parts of free ammonia «----. eee cere eee eeeee a 
** 0.001 ‘* albuminoid ammonia «----+-++++++++- =! 
** 0.005 ‘* oxygen absorbed in fifteen minutes = I 
 O.O1 ee 3 es ‘* four hours..--- =I 
6.4 i Nitin gai. cca eccacubewie dees cenaes =I 


For Letheby’s and Pollard’s analyses 
Each 0.005 parts of oxygen absorbed..----..+.e+++eeeeee =! 
The limits I propose, are: 
Good water up to about 50. 
Moderate water from about 50 to about Ioo. 
Bad water over about Ioo. 

This value I term ‘‘ coefficient of purity.’’ 

In the case of waters from Wady Halfa, Assouan, and Keneh, 
the time of transit was longer than is desirable, and I have cor- 
rected their coefficient of purity by adding 100 per cent. to the 
Wady Halfa analyses, sixty per cent. to the Assouan analyses, 
and forty per cent. tothe Keneh analyses. The figures are based 
on my experiments on the self-purification of the water, and give 
rough approximations. I have thought it more useful to employ 
these approximations than to reject the analyses altogether, but 
they can only be regarded as giving general indications. 

I have had to reject the Minieh results for reasons stated below. 
In order to compare the results in Table V their averages are 
given in Table VI; the Bahr Yousef results in Table VIII are also 
averaged. 

The methods of the Society of Public Analysts were adopted 
with the following modifications : 

(1) The total solids were dried at 150° C. 

(2) The nitric acid was determined by the copper-zinc couple 
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(Williams, 7. Chem. Soc., 1881, 100), nine-tenths of the free 
ammonia being subtracted, and the remaining ammonia multi- 
plied by 3.2 to give the quantity of nitric acid; these constants 
were experimentally determined for the Nile water. 

(3) The suspended matter was determined by evaporating a 
known quantity of unfiltered water, drying at 150°, and sub- 
tracting the total solids of the filtered water. 

An inspection of the tables and diagrams leads to the following 
conclusions : 

(a) The total solids and chlorine increase regularly during the 
flow of the river. 

(b) The coefficient of purity decreases regularly, showing a 
continual purification. 

(c) The nitric acid is very small. 

(d) The Nile in its passage through Cairo undergoes slight 
but distinct pollution. 

(e) The Nile water on standing purifies itself (this has been 
otherwise confirmed). 

Conclusion (a) is especially brought out by the results on the 
Bahr Yousef and the Lower Nile, where the current is less rapid 
than on the Upper Nile. 

(f) Filtration purifies the water of the Nile. This will be 
more fully discussed under part III. 

The results at Rosetta have been rejected:on account of the 
small number of analyses, and those of Minieh because there is 
evidence of the samples not having been taken in accordance 
with directions; the Nile at Minieh is very wide (one and a half 
miles) and near the town the water is very shallow and has prac- 
tically no current, and it is more than probable that the samples 
were taken at a short distance from the bank instead of in mid- 
stream. The occurrence of nitric acid at some parts and its dis- 
appearance at others caused at first some surprise, but this is 
probably due to the fact that the bed of the Upper Nile contains 
iron in the forms of ferrous and ferric silicates and magnetic oxid 
in considerable quantities, pointed out by Johnson Pasha and my- 
self in a communication to the Geological Society. The absence 
of nitric acid at Port Said is due to the fact that the water is con- 
veyed many milesin iron pipes; asimilar disappearance of nitrates 
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from alike cause is recorded by Harvey ( Axalyst, 14, 34); the 
suspended matter in the Nile is highly ferruginous and this plays 
its part, doubtless, in the disappearance of nitrates and the puri- 
fication of the water. The action of iron and its compounds in 
purifying waters is not understood, and deserves further study. 

(¢) The Nile is at its worst just before the flood, and at its best 
just afterwards. There is a second small rise in the coefficient of 
purity about the time when the flow of the Nile is checked by 
the opening of the irrigation canals and basins. (This will be 
further discussed in Part III.) 

(h) The total solids and chlorine vary in inverse ratio to the 
height of the Nile, or in other words to its bulk. 

This is almost a foregone conclusion, asit is evident that a larger 
bulk moving at a quicker rate will not take up so large a percent- 
age of impurity as a less quantity. 


III. THE CAIRO WATER COMPANY. NOTES ON THE WATER 
SUPPLY AND SANITATION OF EGYPT. 

The Cairo Water Company draws its supply from the Nile 
just below the Kasr-el-Nil Barracks; the water is pumped to 
the filter beds at Abbasiyah, about three and a half miles; it 
flows first into a tank where a proportion of the suspended matter 
settles, and thence to the filter beds, which are composed of sand, 
fine, medium, and coarse gravel, and small stones, in layers of 
about thirty cm. each, the total thickness being 1.75 meters, 
and the filtered water is received in two covered reservoirs ; from 
these it descends by gravitation to Cairo, about two miles off. 

The company has a concession from the government expiring 
in 1913 for the sole supply of water, both filtered and unfiltered, 
to Cairo ; the water is not required to be of any special purity, 
as long as it is ot worse than the Nile water. 

From time to time the Bosphore Egyptien, a Cairo journal, has 
complained of the quality of the water, and occasionally the gov- 
ernment has ordered chemical investigations. The most import- 
ant of these was carried out by Pappel and Leg7es in 1887, and in 
their report they condemned the water as bad, and recommended 
very radical changes in the beds of the company, including the 
construction of a tunnel of considerable length filled with broken 

































led the government to drop all inquiry. 


entrusted the work to my hands. 


I made analyses as follows: 
Water at 


intake. 
RAO GGUAG Wc 060.00 cede ss 14.56 
Loss on ignition.....-...-- 1.52 
Oxygen absorbed, 4 hours 0.268 
Free ammonia ....+.-+..+-- 0.016 
Albuminoid ammonia .-...- 0.039 
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May 26, I891 ...+- 20.76 Me 3-14 | 0.001 | 0.009 
June 29, I891..... 18.80} ‘* | 1.43 | 0.001 0.024 
July 28, 1891 ..... 18.60 | Trace | 0.91 Trace |} 0.009 
Aug. 28, 1SgI....- 17.2. - | 1.02] 0.001 | 0.007 
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Water in 
reservoir I. 
14.32 
1.08 
0.140 
O.OI!I 
0.009 


se] Dy 
a U<¢ 
3) os 
) be 
m | Dew 
‘al ee 
= a 

» 
Z on 





0.03 | 0.051 
0.01 | 0.048 
0.08 } 0.064 


bricks, the increasing of the thickness of the filtering layer to 
3-75 meters, and the building of a high wall to enclose the filter 
beds; they considered a settling tank not only useless, but rather 
injurious; no experiments were made beyond some half dozeu 
determinations of free and albuminoid ammonia in the water and 
the sand of the filter beds. This report was criticised very 
unfavorably by Tanquerel, of Cairo, and Muntz, of Paris, and 
the company brought forward certain facts in their defence which 


By reason of the false position in which the government was 
placed, it was unable to get the water company to make any im- 
provements, and the company became skeptical concerning scien- 
tific recommendations. In 1890 an outcry against the water was 
again raised, and the government took the matter up and 


As there was evidence of considerable purification, I reported 
to that effect, and refrained from offering unasked-for suggestions. 

The attitude of the company became more favorable, and I 
believe they are quite willing to adopt any reasonable sugges- 
tions for the more efficient purification of the water. I am in- 
debted to the kindness of the Director of the Cairo Water Com- 
pany for aid in this research by the supply of sand for filtration. 


TABLE XI. ANALYSES OF THE CAIRO WATER COMPANY’S WATER. 





0.01 | 0.069 | 
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0.092 | 23.5 | 0.67 
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In Table XI are given the results of the analyses of the water of 
the company made contemporaneously with those of the Nile at 
Cairo. 

It is seen that the total solids and the chlorine remain almost 
the same as the quantities found in the Nile, the slight increase 
in the chlorine being due to the presence of small quantities of 
salt in the sand; the coefficient of purity is, however, in all cases 
diminished about fifty per cent. The filters of the Cairo Water 
Company then do their work properly, and result in a purifica- 
tion of the Nile water. Judged by my scale, the water may be, 
except perhaps in June, considered good. 

As the word ‘‘good’’ in water analysis is used somewhat 
loosely, and does not mean perfect, I instituted experiments in 
order to find out a better means of purifying the Nile water; it 
is not necessary to detail the experiments, and I only give (in 
Table X) the figures ofone of them. Four samples of the same 
water were examined. 

(a) After precipitation of the suspended matter by a very 
small quantity of ferric chloride. 

(6) After filtration as usual through double filters. 

(c) After filtration through a layer of sand the same thickness 
as used by the Cairo Water Company. 

(7) After filtration through a layer of fine sand 0.75 meter 
thick, a layer of ‘‘ polarite’’ 0.20 meter thick, and a layer of coarse 
sand 0.75 meter thick. 

From the results it is seen that filtration, even through paper 
(and its own suspended matter), improves the Nile water, doubt- 
less assisted by the large surface exposed to the air; filtration 
through sand improves it still more, and after filtration through 
‘‘polarite’’ very little fault can be found with the water. The 
‘‘polarite’’ in this case has exercised a reducing influence on the 
nitrates ; this is not always the case, and seems to take place when 
the ‘‘ polarite’’ 


’ 


is fresh. In all my experiments the ‘‘ polarite’’ 
purified the water to the extent of about eighty per cent., judged 
by my scale; as to the exactness of this figure I cannot vouch, 
but it is certain that no other filtering material has given such 
satisfactory results in my hands. I therefore can strongly recom- 
mend the use of ‘‘ polarite’’ tothe Cairo Water Company. I may 
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mention that this material was handed to me with the simple 
description of ‘‘material for purifying water’’ and it was only 
after some difficulty that I established its identity. The monthly 
variations of the water of the company follow those of the Nile ; 
the quality of the water in the river is dependent on the following : 

(a) The (presumable) purity in the water of the Nyanzas and 
of the rainfall collected by the great watersheds of the White, 
the Blue, and the Black, Nile; (b) the taking up of impurities in 
the marshy districts of Central Africa; (c) the taking up of impuri- 
ties during its flow, and the pollution of the river established at 
Cairo and more than probable at other points; (d) the self- 
purification of the river, in which the minerals in its bed and 
the suspended matter, probably aid the oxygen of the air. The 
quality of the Company’s water is also dependent on (e) the fil- 
tering materials used. 

The water at Port Said (g. v.) is analogous to the Cairo 
Water Company’s water, as it is filtered at Ismailia before travers- 
ing the iron pipes which convey it to Port Said. The absence of 
nitrates at Port Said has already been explained. 

My recommendation to the Cairo Water Company may profit- 
ably be extended to the other towns of Egypt; the Alexandria 
Water Company adopts a modification of Anderson’s process, 
the short canal conveying the water from the Mahmoudieh 
Canal to their works being partly filled with scrap iron; my 
experiments showed me, however, that this method of purifica- 
tion was not so efficient as that by ‘‘ polarite.’’ 

On looking over the results of the analysis of the water of the 
Bahr- Yousef, it has struck me that the apparent exception in July 
(see Table VII) may seem to contradict the conclusion I have 
drawn that the water of the Nile purifies itself during its flow; 
a glance at the conditions of the Bahr Yousef will make it plain 
that this is but an apparent exception. In June the Nile is at its 
worst; it is directly afterwards flushed by the flood; as the Bahr- 
Yousefempties itself into the Birket-el-K fim, which has no apparent 
outlet, a rapid flow of water cannot take place; the effect of the 
flood is to push down gradually the water that is in it. We 
should expect then to find the June bad water to occur at a later 
date in the Bahr Yousef, and it is probably the bad water found 














THE RIVER NILE. gI 


at Assiout in June, which makes the coefficient of purity high in 
July at Medinet-el-Fayoum. The same conditions obtain at 
Deyrout ; this town is, however, much nearer Assiout, and has part 
of the water taken away by the Ibrahimieh Canal. I think that 
it would be correct to compare the water at Deyrout with that 
at Assiout a week beforehand, and that at Medinet-el-Fayoum 
with that a month before at Assiout. This should be noted in 
future researches. 

IV. THE WATER OF THE NILE CHEMICALLY CONSIDERED 

AS THE SOURCE OF FERTILIZERS IN EGYPT. 

In the preceding portions I have made no reference to the sus- 
pended matter. This I propose to do here. 

The soil of Egypt is enriched by no artificial fertilizers, and 
the mud of the Nile is its only supply of those constituents which 
growing cropsremove fromthe ground. Indeed, the soil of Egypt 
has been formed from the mud of the Nile by its deposition during 
the overflowing of its banks during past ages. I had firstintended 
to study variations in composition of the mud, but soon finding 
that the laws governing the variations in the quantity of the sus- 
pended matter were very imperfectly understood, I relegated my 
first idea to the future, and devoted what time was at my dis- 
posal to the study of these laws. 

As the question of sampling was here very important I felt 
obliged to take the samples myself and had to devote a consid- 
erable time to traveling on the Nile for this purpose. 

All samples were taken with the apparatus figured, which 
consisted of a funnel shaped jar A closed at one end by a cork B 
to which was firmly riveted a metal plate one and a half mm. in 
thickness, and which was covered with sealing wax over its 
whole surface; through this cork, and soldered to the plate 
passed the tap C; at the other end the tap C,, was fixed by 
means of a piece of India rubber tubing, and held in place by 
being bound round with wire to two pieces of wood placed on 
each side; to the taps C and C,, were fixed arms D and D,, which 
were connected by the rod E, weighted by the weight F; a cord 
was attached to the upper end of E, and by pulling this the two 
taps could be opened simultaneously, and on releasing it the 
weight F caused them to close; the whole apparatus was sus- 
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pended from the rope H by a net-work of cords which encircled 
the vessel A, and terminated in the rope J, from which hung 
the weight G ; the capacity of the apparatus was two and a half 
liters. 

It was used as follows: After being lowered to the required 
depth, the taps were opened by pulling the cord attached to E, 
the water entered by C,, and the air escaped by C; when no 
more bubbles of air could be seen rising, the cord 
was released, and the apparatus withdrawn; the 
water was then transferred to a bottle. 

The shape of the apparatus was chosen in order to 
facilitate the escape of all the suspended matter in 
the bottle. 
| This apparatus was also used for sounding and 
measuring the difference of velocity between the 

surface and bottom of the river, as the bubbles 

practically always rose in a straight line. It was 
assumed that the difference between surface and 
« bottom velocity was inappreciable. 

Experiments were first made to determine whether 
the amount of suspended matter in different parts of 
the river was substantially the same or not. 

In the first series samples were taken in the cen- 
) ter of the river (a) at the surface, (b) at the bottom 
Ur and (c) midway with the following results: Sus- 

pended matter, (a) 176.95; (b) 194.64; (c) 188.64. 

In the second a mean sample was taken, (d) in the 

middle of the river, and (e) as near the banks as 

possible, with results as follows: Suspended matter, (d) 147.66; 
(e) 157.35. 

The velocity was in both cases about four miles an hour. 

These results showed that differences did exist in different 
parts of the river, but that they were not serious; except, per- 
haps, at the surface the difference does not exceed five per cent. 
All samples analyzed were mixtures of water from at least four 
different parts of the river, and may fairly be considered as 
average samples. 

As the difference is shown to be small, the results in Tables 
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I, II, and III may be taken into consideration, and will be dis- 
cussed later on. 

In Table XII are given the results of the determinations of sus- 
pended matter in the water at Kasr-el-Nil at short intervals, 
together with the height of the Nile at Assouan, the approxi- 
mate velocity deduced from the time taken by the water to flow 
from Assouan to Cairo (information supplied by the Chief In- 
spector of Irrigation), and the velocity at Kasr-el-Nil calculated 
fromthe amount of suspended matter by the formula given below. 

In Table XIII are the results of the analysis of corresponding 
samples of water at Assouan, Beni-Souef, Wasta, Atfeh, Helouan 
and Kasr-el-Nil; in Table XIV the results of analysis of cor- 
responding samples at Assiout, Minieh, Beni-Souef, and Kasr-el- 
Nil; and in Table XV the analysis of corresponding samples at 
Wady Halfa and Kasr-el-Nil. The samples at Wady Halfa and 
Assouan are not mean samples, but were taken at half a meter 


, 


below the surface, and the results should therefore be increased 
by about five per cent., but this does not affect the conclusions 
drawn therefrom. 

During one voyage up the Nile, I observed that at Maghagha 
the current at a certain part was only running at one and a half 
miles per hour ; at Manfalout finding a narrow creek, I ran my 
steam launch firmly aground, and by means of the propeller 
created an artificial current of ten miles an hour and a sample 
was taken after the lapse of some time; these samples gave the 
following results on analysis: 


Place. Velocity. Suspended matter 
Maghagha ...ceseseecccccccce 1.5 21.72 
Manfalout ..---.-..+s+0eeeee- 10.0 953-6 


From these I deduced the following formula, connecting the 
tate of flow and the amount of suspended matter: S= 9.5 V’; 
where S is the suspended matter in parts per 100,000, and V is 
the velocity in miles per hour. 

By means of this formula, I have calculated the velocity of 
the Nile at Kasr-el-Nil on the 15th, 22nd, and 28th of August 
and the 4th and 15th of September, in each case with satis- 
factory results, considering the very approximate way of estimat- 
ing the velocity, except on the 15th of August; various consider- 
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ations, however, lead me to conclude that the velocity on that 
date at Kasr-el-Nil was greater than that stated, among which 
I may enumerate: (a) the river was rising very rapidly, there 
being an increase in four days of one meter, and it is highly pro- 
bable that with such a rapid rise, a somewhat greater current 
should be obtained; (b) under the Kasr-el-Nil bridge only a 
part of the river runs, there being another branch which conveys 
when the river is high, another part on the Guizeh side of 
Gezireh ; as the Nile was not very high on the 15th of August, 
it is probable that the bulk of the water traveled under the Kasr- 
el-Nil bridge, a comparatively narrow channel, and the actual 
velocity was by this slightly increased. 

On the whole I think that the figures in Table XII confirm 
the formula. 

It is necessary, in order that the formula hold that the follow- 
ing premises be granted: (a) that the density and surface ten- 
sion of the mud (and therefore the size of particles) be constant ; 
(b) that the water be mixed throughout; (c) that the water 
be saturated with mud. 

Considering that the composition of the mud is, within very 
narrow limits, constant, premise (a) may be assumed to be cor- 
rect ; of the practical correctness of the other two, my personal 
observations during my voyages on the Nile during its flood, 
have convinced me ; I noted especialiy the numerous currents and 
cross currents, the destruction of the banks, and their rapid 
absorption, the practical absence of much mud at the bottom of 
the river, and sundry smaller points. 

The truth of the premises is indirectly confirmed by the agree- 
ment between the numbers found and calculated in Table XII. 
TABLE XII. DETERMINATIONS OF SUSPENDED MATTER AT KASR- 
EL-NIL (CAIRO). 


Height of Nile Approximate Suspended Calculated 
Date. at Assouan. velocity. matter. velocity. 
August I, I891......-..- 87.35 2.5 29.80 

$F! ET, ABOU s cocensess 90.44 3.85 98.48 oaine 
46 15, 18QT e+ ccecee 91.43 3.85 188.64 4.46 
ae, 1891 ee 92.2 3.85 134.30 3.78 
‘¢ 28, I8QT.--- +e eee 92.44 3.85 160.44 4.09 
September 4, 1891 ....-- 92.61 3.85 147.66 3.94 
23 15, 1891 -.---- 2.87 3.85 151.64 3.99 
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I have also frequently observed that when the Nile mud is 
allowed to settle, it cakes after a lapse of time, and becomes dif- 
ficult to remix with the water until after a certain amount of 
force has been used to stir it up; after being stirred up it is easy 
of absorption by the water until allowed to cake again. 

On these observations I have founded the following theory : 
The suspended matter is brought down by the Blue Nile and the 
Atbara (and to a lesser extent by the White Nile), and has 
little tendency to deposit until the flow is checked ; this check 
occurs first and principally in Lower and Middle Egypt by the 
drawing off of the water into the canals and basins for the irriga- 
tion of the country, and it is there that the mud is principally 
deposited ; there is little tendency to deposit in Upper Egypt 
and farther south, as the velocity is toa much greater extent 
maintained during the depositing period; the mud-carrying 
waters of the Blue Nile and the Atbara, having been diluted by 
the comparatively clear waters of the White Nile, the river is 
probably by no means saturated, and cannot become so in Upper 
Egypt and above during the flood, as there is no great store of 
deposited mud ; the deposited mud remains at the bottom and 
sides of the river during the period of low Nile and consequently 
low velocity, and cakes, thereby becoming a mass requiring a cer- 
tain force given by a certain velocity (probably exceeding three 
miles an hour), to re-absorb it, and the water cannot become 
saturated till this ‘‘ critical velocity’’ has been attained. On the 
attainment a rapid increase in the amount of suspended matter takes 
place in Middle and Lower Egypt until saturation is attained. 

According to this theory the quantity of suspended matter 
should be during flood time actually greater in Middle and 
Lower Egypt than in Upper Egypt; the correctness of the 
theory is borne out by the results in Tables XIII and XV, where 
it is shown that the Nile at Assouan and Wady Halfa contains 
considerably less suspended matter than the water at Cairo. 

TABLE XIII. SuSPENDED MATTER AT ASSOUAN, BENI-SOUEF, WASTA, 
ATFEH, HELOUAN, AND CAIRO. 


Height of Suspended 
Date. Place. Nile. matter 
August 16, 1891 ........- Assouan 92.15 104.90 
is 27, ISGT. +. 2<84°% 3eni-Souef 92.21 141.83 


ws 22, IBOLT osc ccees Wasta 92.21 139.50 
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TABLE XIII. SUSPENDED MATTER AT.ASSOUAN, BENI-SOUEF, WASTA, 
ATFEH, HELOUAN, AND CAIRO. (CONTINUED. ) 


Height of Suspended 
Date. Place. Nile. matter. 
August 22, I891.--..-.+- Atfeh 92.21 147.23 
‘ 22, 1891 - +e eeeee Helouan 92.21 143.59 
¢ 22, I8QI-- +--+ eee Kasr-el-Nil 92.21 134.20 


TABLE XIV. SUSPENDED MATTER AT ASSIOUT, MINIEH, BENI-SOUEF, 
AND CAIRO. 


Height of Suspended 
Date. Place. Nile. matter. 
September 13, I891...--- Assiout 92.87 149.82 
+: 14, 1891 -+++-- Minieh 92.87 152.20 
2 14, 1891..---- Beni-Souef 92.87 147.32 
ad 15, I891.---.- Kasr-el-Nil 92.87 151.67 
TABLE XV. SUSPENDED MATTER AT WADY HALFA AND CATRO. 
Height of Suspended 
Date. Place. Nile. matter. 
August 15, I89g1 ..-----++- Wady Halfa 92.44 112.10 
a 28, 1891 «+++ +--ee Kasr-el-Nil 92.44 160.44 


The results in Tables XIII and XIV show that the suspended 
matter is practically constant below Assiout, as is also the 
velocity ; the water then is saturated here (7. ¢., in Middle and 
Lower Egypt). 

On the rst and r1th of August, for which dates I have not cal- 
culated the velocity by the formula, the ‘‘ critical velocity ’’ had 
probably not been attained, and the water had not become satu- 
rated; premise (c) then does not hold, and therefore the for- 
mula would not be applicable. 

My theory also explains the sudden increase of the suspended 
matter and its more gradual fall. 

Although the suspended matter has its origin in the Blue Nile 
and Atbara (for the most part) the actual quantity in the Nile 
in Middle and Lower Egypt during flood time depends not on 
the amounts in these rivers, but on the velocity of the current. 

Considering that my theory explains all the points concern- 
ing the amount of suspended matter in the Nile, it may be taken 
as generally true. The amount of suspended matter has no 
direct relation to the height of the Nile, but is dependent on the 
velocity, and it is a matter of extreme regret that I did not 
realize this at the time of making my experiments, or I should 
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have devoted my attention to the accurate determination of the 
velocity. 

Dredgings were made of the bed of the river at Assiout, Minieh, 
Beni-Souef, Wasta, Atfeh, Bedrishen, old Helouan, Dar-el-Tin, 
Rodah, Guizeh, Guizeh Palace, and Kasr-el-Nil during the flood, 
and in each case the bed was found to consist chiefly of sand, 
with about five per cent. of mud and small quantities of the 
magnetic oxid of iron mentioned above; samples were also 
taken just below the water and from the top of a small sand 
island formed by the Nile opposite Katr-el-Nabi, which had the 
same composition ; the formation of this island, and the presence 
in the sand as low as Cairo of the heavy magnetic oxid of iron, 
which occurs above Assiout, are striking examples of the force 
of the current. 

I have made no detailed experiments on the variations of the 
composition of the mud; the constituents valuable to agriculture 
are however practically constant in amount, and my conclusions 
as to the supply of mud may be taken as generally true as to 
the supply of fertilizers. 


(v.) NOTES ON THE AGRICULTURE AND IRRIGATION 
OF EGYPT. 


Egyptian agriculture is the mainstay of the country’s pros- 
perity, and the Nile is the mainstay of the agriculture. Fertil- 
izers, as such, are not placed on the land, and the soil is depend- 
ent for its supply of the constituents annually removed by the 
plants in the mud brought and deposited by the Nile water. 
In former days the Nile was simply allowed to overflow its banks 
and inundate the country, the mud settled, and when the Nile 
fell again the clear water (mostly) drained off; this system is 
still followed in Upper Egypt, but in the remaining country the 
banks of the Nile have been raised and the water flows into 
canals, whence by a series of ramifications the water is 
allowed to pass on to the land. Looked at solely by the light 
of my theory the canal system is inferior to the older one, owing 
to the abundant opportunity for deposition of mud owing to the 
decreased velocity in the canals, and the probable non-attainment 
of the ‘‘ critical velocity’’ in a very considerable portion of them. 
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This non-attainment of the ‘‘ critical velocity ’’ has a consider- 
able importance. The Nile bed is annually cleared out by the 
flow of the river; the canal beds are not, and therefore they are 
steadily rising and helping to diminish the supply of water, and 
therefore fertilizers tothe land. Another difficulty is being felt; 
the level of the land is also rising, as it receives a slight addition 
yearly, and in lapse of time, it must be, and in some cases is, 
too high for the proper flow of the water thereon. The Barrage 
was established in order to raise the height of the Nile, and to 
grapple with this difficulty. The difficulty is now again felt, 
and the proposals to grapple with it generally take the form of 
raising the height of the Nile by similar artificial structures. 
It is absolutely necessary not to lose sight of the fact that it is 
not large quantities of water that the land requires ; it is the mud 
contained in them, and the primary object, the amelioration of 
agriculture, will be defeated, if, although a much larger supply 
of water be given to the land, this water contain less mud. 

In raising the height of the Nile, nothing must be done to in 
any part check its velocity, and attention must be paid to keep- 
ing up this velocity to the greatest possible extent in the canals ; 
it is better to be content with a much smaller quantity of water 
if it can be supplied with a great velocity, than to so raise the 
Nile as to allow enormous quantities of water to flow on the 
land at a very slow speed ; it is necessary to keep up the “‘ crit- 
ical velocity ’’ in order to make the mud deposited during the 
period of slow velocity available at the necessary time. 

I fully realize that there are enormous engineering difficulties, 
but at the same time my study of the Nile has revealed to me 
these points which are not fully realized ; it is beyond the scope 
of a chemist to discuss this question in more detail. 

Wilcox’s book on the irrigation system of Egypt gives very 
complete information on the engineering work of Egyptian 
irrigation. 


(vI.) CONCLUSIONS AND SUGGESTIONS. 


The conclusions from my work on the Nile are: 
(1) The impurities in the Nile water are influenced by (a) 
the White Nile and analogous tributaries; (b) the Blue 








a) 





THE RIVER NILE. 


Nile and analogous tributaries; (c) the impurities taken 
‘up during its flow; (d) the self-purification it undergoes, 
of which (d) is the most important. 

(2) The water of the Nile, at Cairo, is a moderate drinking 
water, and not an excessively bad one, as has been main- 
tained; after filtration through sand, as practised by the 
Cairo Water Company, not much exception can be taken 
to it. The Cairo Water Company’s supply is on the whole 
good. 

(3) After filtration through ‘‘ polarite’’ it becomes a most 
excellent drinking water, fully equal and in many cases 
superior to the water supplied to great English towns. 

(4) The Nile in its downward flow takes up impurities both 
mineral and those due to sewage; these are, however, in- 
significant when compared with the great bulk of water 
and to the self-purification. 

(5) The amount of nitric acid is remarkably small. 

(6) The purification and deficiency, of nitric acid are largely 
due to the iron minerals in its bed (e. g., magnetic oxid of 
iron, ferrous silicate, etc.). 

(7) The quality of the water is worst just before the annual 
rise, and at its best just after the attainment of its maximum 

(8) The suspended matter, which supplies the fertilizers 
necessary to the agriculture of the country, is not only 
dependent on the quantity brought down by the Blue Nile, 
ete., but also and more especially on the velocity of the river. 

(9) Portions of the suspended matter become deposited on 
the bed of the river, asthe current slackens, and a certain 

’* is necessary to stir this up again, so 
as to be again taken into suspension. 

(10) After the ‘‘ critical velocity’’ has been attained, the 
water saturated with mud, the relation between suspended 
matter (S) and velocity (V) is expressed by the formula 
S= 915 V*. 

(11) After the water is saturated (which only occurs in Mid- 
dle and Lower Egypt) the quantity of suspended matter 
is greater than that found in the Nile in Upper Egypt and 


‘ 


‘‘ critical velocity 


above. 
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(12) Any diminution of the current of the river, and espec- 
ially the prevention of the attainment of the “critical 
velocity ’’ at the proper time will cause a loss of suspended 
matter and therefore a detriment to agriculture. 

I can only look upon my work as preliminary to a thorough 
investigation of the Nile in the future; there are many points 
to be determined (e. g., the ‘‘ critical velocity,’’ the actual 
amount of fertilizers necessary, and the lowest safe velocity, the 
laws that govern the settling of the mud, and the purification of 
the water, the composition of both water and mud, and the part 
played by each constituent) and these I leave as a legacy to my 
successors. 

As Egypt depends on the Nile, it is imperative for the 
Egyptian government to have the fullest information on the 
Nile at their disposal, in order to control the river so as to obtain 
the greatest possible benefit therefrom. My work was chiefly 
done at the Khedivial Laboratory, at Cairo, but I found that the 
rough laboratory that I fitted up on board the steam launch, No. 
74, was of great assistance, and future investigation should be 
carried on in a laboratory of this description ; it would require a 
steamer large enough to hold thirteen or fourteen persons, and 
powerful enough to steam six miles against the full stream, and 
of low draught,—preferably a stern-wheeler. 

At least five years should be devoted to the work, and the 
total expenses would be: 


Initial expenses ......sseceeccccccesccnces £1650 
Five years, at £1903--cscecccccccccccccces 9515 
DM Cc itesodtsenoxeehaanae A411, 165 


The Egyptian government should be prepared to find that 
sum. A great deal of work could also be done on the minerals 
of Egypt at the same time. 

My conclusion (12) is highly important to the irrigation ser- 
vice, and I recommend it to the notice of the Public Works 
Department. 

This paper contains the substance of a report made by me to 
the Director of the Sanitary Administration. 

In conclusion I must express my warmest and most grateful 
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thanks to Dr. Hussein Off, third chemist in the Khedivial 
Laboratory for his aid ; the devoted way in which he worked 
with me, often far into the small hours of the morning, has con- 
tributed greatly to the completion of my work. 





ELECTROLYTIC SEPARATIONS. 


By EDGAR F. SMITH AND J. BIRD MOYER. 

N a former communication we demonstrated by a sufficient num- 
ber of carefully made experiments that mercury and bismuth 
could not be separated electrolytically in a nitric acid solution. 
This was in line with the observations of Smith and Saltar,' 
who proved conclusively that copper and bismuth could not be 
separated under analogous conditions, and further that the state- 
ment in regard to the separation of bismuth and lead was incorrect. 
Pursuing our original intention of studying the electrolysis of 
metals in the presence of free nitric acid we offer the following 
additional experience in this field of investigation. We naturally 
expected little trouble, and indeed met with very little in our 
efforts to separate 

Mercury from Lead. 


1. Ten cc. of mercuric nitrate solution(= 0.1150 gram of metallic 
mercury), one cc. of lead nitrate solution (—0.0126 gram of lead 
dioxide), and twenty-five cc. of nitric acid of sp. gr. 1.3, were 
diluted to 175 cc. and electrolyzed with a current liberating 1.3 
cc. of electrolytic gas per minute. The precipitated mercury 
weighed 0.1151 gram, and the lead dioxide equaled 0.0123 gram. 
An examination of the mercury did not reveal any admixed lead. 

2. In this experiment the quantities of lead and mercury were 
the same as in 1; the volume of nitric acid was increased to thirty 
cc. while the current registered 1.8 cc. of electrolytic gas per 
minute. The mercury deposit weighed 0.1150 gram and the 
dioxide of lead equaled 0.0126 gram. 

In three other experiments in which the volumes of the 
added nitric acid (sp. gr. 1.3) equaled five cc., ten cc., and 
fifteen cc., respectively, the precipitated mercury contained 
metallic lead in varying but very considerable amounts. 


1 J. Anal. Appl. Chem., 7, 128 
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Mercury from Lead and Bismuth. 


In our former communication we cited an outlined analysis 
of an alloy containing tin, mercury, lead, and bismuth by 
Classen in his Quantitative Analyse durch Elektrolyse, dritte 
Auflage, p. 147, and showed that if it were conducted as there 
directed the analyst would in the end have little bismuth to 
determine as it would have most certainly gone out in company 
with the mercury. Omitting tin, we subjected a nitric acid 
solution of the other three metals to the action of the cur- 
rent. The solution contained 0.1150 gram of mercury, lead 
equal to 0.0126 gram of dioxide, bismuth 0.0718 gram, and 
fifteen cc. of nitric acid (sp. gr. 1.3). The total dilution was 
180 cc. The current liberated 1.7 cc. of electrolytic gas per 
minute. The deposited mercury weighed 0.1262 gram and 
the increase in weight of the anode was 0.0164 gram; bismuth 
was discovered at both poles. A second and a third experi- 
ment with increased volume of acid resulted similarly. We 
must, therefore, reject this course if a satisfactory separation is 
desired. 

Silver from Lead. 

The separation presented no particular difficulties when work- 
ing with conditions analogous to those recorded in the two 
following experiments: 

1. Ten cc. of silver nitrate solution (= 0.1028 gram of silver), 
one cc. of lead nitrate solution (0.0144 gram lead dioxide), 
and fifteen cc. of nitric acid (sp. gr. 1.3), with total dilution of 
200 cc. were acted upon by acurrent generating 1.8 cc. of 
electrolytic gas per minute. The deposit of silver weighed 0.1023 
gram, and the lead dioxide 0.0145 gram. 

2. The conditions were similar to those in 1. The precipi- 
tated silver weighed 0.1028 gram, and the lead dioxide 0.0145 
gram. 


Copper from Cadmium. 


This separation was long since satisfactorily made by Smith. 
Classen met with similar results (Berichte, 17, 2473). ‘Those 
interested will find Smith’s description of the method fully 
given in the American Chemical Journal, 2, 41. The results 
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we append confirm those obtained by Smith in every particular. 

1. Ten ce. of a copper sulphate solution (—0.1341 gram 
of copper), five cc. of cadmium nitrate solution (= 0.1 
gram of cadmium), and five cc. of nitric acid (sp. gr. 1.2), 
with total dilution of 200 cc., were electrolyzed with a current 
that gave 0.6 cc. of electrolytic gas per minute. The precipi- 
tated copper weighed 0.1346 gram; it contained no cadmium. 

2. With conditions similar to those in 1, the precipitated cop- 
per weighed 0.1341 gram. ‘The current gave 0.6 cc. of electro- 
lytic gas per minute. 

Copper jrom Zinc. 

The quantities of metal were equal; the volume of nitric acid 
was five cc. (sp. gr. 1.3), total dilution 200 cc., and the current 
gave one cc. of electrolytic gas per minute. The precip.iated 
copper weighed 0.1345 gram instead of 0.1341. 

Copper from Zinc, Cobalt, and Nickel. 

The quantities of metal were equal; the volume of nitric acid 
(sp. gr. 1.3) was five cc., and the total dilution 200 cc. The 
current registered 0.4 cc. of electrolytic gas per minute. The 
precipitated copper weighed 0.1339 gram. 

Copper from Iron and Zinc. 


The metals were equal in quantity. The volume of nitric 
acid was five cc. (sp. gr. 1.3). The current gave 0.7 cc. 
of electrolytic gas per minute, while the dilution was the 
same as in the preceding separations. The metal deposit 
weighed 0.1340 gram. 

The copper obtained in each of these separations was exam- 
ined for the metals associated with it in solution, but they were 
not found present. We may say here that we claim nothing 
new in these separations of copper from zinc, nickel, cobalt, and 
iron. ‘They have been performed by others, but we merely offer 
our results and the conditions under which they were obtained 
as guides for any who may have occasion to make such separa- 
tions. | 

Bismuth from Cadmium. 

1. Five cc. of bismuth nitrate solution (=0.0718 gram of 

metallic bismuth), five cc. of cadmium nitrate solution (= 0.1 
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gram of cadmium), and fifteen cc. of nitric acid (sp. gr. 1.1) 
were dilnted to 180 cc. and electrolyzed with a current liberating 
1.6 cc. of electrolytic gas per minute. The precipitated bis- 
muth weighed 0.0716 gram instead of 0.0718 gram. 

2. The conditions in this experiment were analogous to those 
in I, except that no additional acid was added to the nitric acid 
solution of the two metals. The precipitation bismuth weighed 
0.0719 gram. 

Bismuth from Zinc. 

0.0718 gram of bismuth, 0.1 gram zinc in the presence of two 
ce. of nitric acid (sp. gr. 1.3), with total dilution of 200 cc., 
gave 0.0712 gram of bismuth to a current setting free 0.4 cc. of 
electrolytic gas per minute. The anode was slightly discolored ; 
its increase in weight was 0.0003 gram. 

In a second trial with 1 cc. of additional acid the precipitated 
bismuth weighed 0.0717 gram. We can therefore regard this 
separation as satisfactory. 

Bismuth from Nickel, 


I. 0.0718 gram of bismuth, 0.1 gram of nickel, in the presence 
of two cc. of nitric acid (sp. gr. 1.3), were diluted to 180 ce. 
with water. A current liberating 0.5 cc. of electrolytic gas per 
minute acted upon this solution. The precipitation of bismuth 
was complete ; the metal deposit weighed 0.0724 gram. 

2. In this trial the quantities of the metals equaled those given 
in 1; the total dilution was 200 cc. ; the volume of nitric acid of 
sp. gr. 1.3 equaled three cc. and the current gave 0.2 cc. of elec- 
trolytic gas per minute. The precipitated bismuth weighed 
0.0716 gram. 

A third experiment with conditions exactly like those of 2 
gave 0.0716 gram of bismuth. The latter contained no nickel, 
and there was no deposit upon the anode. 


Bismuth from Cobalt. 


The quantities of metal were 0.0718 gram of bismuth and 
0.1 gram of cobalt; the nitric acid (sp. gr. 1.3) equaled three 
cc., and the current gave 0.2 cc. of electrolytic gas per minute. 
The deposit of metalic bismuth weighed 0.0714 gram and there 
was also a very slight discoloration of the anode. 
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Other trials showed that the separation was possible. 

It may be of interest to show what results were obtained when 
mixtures of the preceding metals were electrolyzed. 

Bismuth from Zinc, Cobalt, and Nickel. 

I. 0.0718 gram of bismuth, 0.1 gram of zinc, 0.1 gram of 
cobalt and o.1 gram of nickel were mixed with two cc. of nitric 
acid (sp. gr. 1.3), diluted to 200 cc., and acted upon by a cur- 
rent liberating 0.8 cc. of electrolytic gas per minute. The pre- 
cipitated bismuth weighed 0.0739 gram, and upon examination 
showed the presence of both nickel and cobalt. ‘The anode was 
covered with a blue coating. 

A second, third, and fourth trial, with conditions almost identi- 
cal with those in the preceding example, showed the presence of 
0.0729 gram, 0.0738 gram, and 0.0739 gram of bismuth, which 
in each instance was contaminated with cobalt and nickel. 

Bismuth from Cobalt and Nickel. 

Zinc was omitted, and by employing the remaining three 
metals in the amounts given in the preceding experiment, 
using three cc. of nitric acid of sp. gr. 1.3, and acting upon the 
mixture after dilution to 200 cc. with a current liberating 0.3 cc. 
of electrolytic gas per minute, the bismuth that was precipitated 
weighed 0.0736 gram. It contained nickel. 

Bimuth from Cobalt and Zinc. 

0.0718 gram of bismuth and 0.1 gram each of cobalt and zinc 
were mixed with two cc. of nitric acid of sp. gr. 1.3, diluted to 
180 cc. with water, and electrolyzed with a current giving 0.6 cc. 
of electrolytic gas per minute. The bismuth weighed 0.0747 
grain ; it contained cobalt, and the anode was covered with a 
film of oxide. 

Bismuth from Cobalt, Nickel, and Zinc. 

Using the same quantities of metals as given in the preceding 
experiments we increased the volume of added acid to five cc. 
The deposit of bismuth weighed 0.0728 gram and contained 
both cobalt and nickel. 

Upon making a trial with the following conditions we were 
successful in effecting the separation with all the metals present : 
0.0718 gram bismuth, 0.1 gram zinc, 0.1 gram cobalt, 0.1 gram 
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nickel, eight cc. of nitric acid of sp. gr. 1.3, total dilution 200 cc., 
and acurrent that gave 0.4 cc. of electrolytic gas per minute. 
The deposit of bismuth weighed 0.0718 gram. It did not show 
the presence of any other metal upon examination. In this sepa- 
aration there was no discoloration of the anode. Subsequent 
experiments were equally successful in the separation, although in 
several of them the anode was slightly discolored ; its weight, 
however, was not increased more than 0.0004 gram. 

We may add that the bismuth was deposited upon platinum 
dishes weighing from sixty to seventy grams. The metal 
deposit was, in all those trials that approached success, adher- 
ent and regular in appearance. It was washed with warm 
water, alcohol, and ether. ‘The strength of current indicated in 
all the experiments given in this communication were with 
voltameter and electrolyte in circuit. 

While the separation of bismuth from the various metals men- 
tioned is possible if the conditions we have worked out are 
preserved, we cannot fail to observe that the solution in nitric 
acid is not nearly so satisfactory as that in which the metals 
exist as sulphates together with free sulphuric acid. With this 


last solution Smith and Knerr' obtained very excellent results. 


CHEMICAL LABORATORY OF 
THE UNIVERSITY OF PENNSYLVANIA, 
APRIL 27, 1893- 


THE WORLD’S CONGRESS AUXILIARY OF THE WORLD’S 
COLUIIBIAN EXPOSITION. 
[DEPARTMENT OF SCIENCE AND PHILOSOPHY. YENERAI, DIVISION OF 
CHEMISTRY ]. 

HE committees in charge of the congress have selected 

Monday, August 21, as the date of the opening of the 

congress of chemists to be held in connection with the Columbian 
Exposition, in Chicago. 

The chairman of the committee appointed for co-operation in 
this congress by the American Association for the Advancement 
of Science, Chemical Section, is Prof. Ira Remsen, Johns Hopkins 
University, Baltimore, Md. The chairman of the committee 
appointed by the American Chemical Society is Dr. Wm. 


*Am. Chem. /., 8, 206 
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McMurtrie, 106 Wall street, New York, N. Y. The chairman 
of the committee of the World’s Congress Auxiliary, on Con- 


gress of Chemists, is Prof. John H. Long, 2421 Dearborn street, 


Chicago, Ill. The various committees have organized by select- 
ing Dr. H. W. Wiley, chief chemist of the Department of Agri- 
culture, Washington, D. C., as chairman, and Prof. R. B. War- 
der, Howard University, Washington, D. C., as secretary. 

The work of the congress has been divided into ten sections and 
a temporary chairman has been selected for each section, as follow : 


Agricultural Chemistry, H. W. Wiley, Department of Agriculture, 
Washington, D.C.; Analytical Chemistry, A. B. Prescott, Michigan 
University, Ann Arbor, Mich.; Didactic Chemistry, W. E. Stone, 
Lafayette, Ind.; Historical Chemistry and Bibliography, H. C. Bolton, 
University Club, New York; Inorganic Chemistry, F. W. Clarke, Geo- 
logical Survey, Washington, D. C.; Organic Chemistry, I. Remsen, Johns 
Hopkins University, Baltimore, Md.; Physical Chemistry, R. B. Warder, 
Howard University, Washington, D. C.; Physiological Chemistry, V. C. 
Vaughan, Michigan University, Ann Arbor, Mich.; Sanitary Chemistry, 
H. Leffmann, 715 Walnut street, Philadelphia, Pa.; Technical Chem- 
istry, Wm. McMurtrie, 106 Wall street, New York, N. Y. 


General and special invitations have already been issued to 
foreign chemists and many replies have been received, indicat- 
ing a large attendance of chemists from abroad at the congress. 

The following distinguished foreign chemists have already 
promised to present papers to the congress and the list will with- 
out doubt be increased many fold before the date of the opening : 


Prof. L. G. N. Ernest Milliau, Marseilles, ‘‘On Standard Methods of 
Oil Analysis;’’ Mr. Farnham Maxwell Lyte, London, ‘‘On the Produc- 
tion of Chlorine ;’’ Mr. H. Droop Richmond, London, ‘‘Onthe Accuracy of 
the Methods of Analyses of Dairy Products ;’’ Mr. Pierre Manhes, Lyon, 
subject to be announced later; Prof. B. Tollens, Gottingen, ‘‘ Researches 
on the Synthesis of Polyatomic Alcohols;’’ Prof. Ferd. Tiemann, Berlin, 
subject to be announced later; Mr. H. Pellet, Brussels, ‘‘On the 
Methods of Determining the Percentage of Sugar in Beets;’’ Mr. H. R. 
Procter, Leeds, ‘‘On the Examination of Tanning Materials;’’ Mr. O. 
Kemna, Antwerp, ‘‘On the Purification of Water;’’ Mr. Otto Hehner, 
London, subject to be announced; Prof. C. A. Bischoff, Riga, subject to 
be announced; Prof. G. Lunge, Ziirich, ‘‘On the Method of Teaching 
Technological Chemistry at Universities and Polytechnic Schools; ” 
Prof. Ludwig Mond, Rome, subject to be announced; Prof. W. N. Hart- 
ley, Dublin, subject to be announced; Prof. R. Biedermann, ‘‘ The in- 
fluence of Potent Laws on the Development of Chemistry.”’ 


This circular is especially intended to reach American chemists, 
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inviting them to take an active interest in the congress and to be 
present, or if that is not possible to send papers on some of the 
subjects indicated in the classification above mentioned. 

Chemists specially interested in each of the subjects for dis- 
cussion are invited to correspond with the chairmen of those 
sections in regard to the character of the work and of the papers 
expected. All chemists who expect to read papers at the con- 
gress are earnestly requested to send the titles thereof to the 
chairman of the General Committee, Dr. H. W. Wiley, Depart- 
ment of Agriculture, Washington, D. C., on or before the first 
day of August. It will be difficult to arrange for a position on 
the program for the titles of any papers which may be received 
after that date. The time required for each paper should also 
be noted so that daily programs can be provided for inadvance. 
In all cases the place of honor on the program will be given to 
foreign contributors. Papers or addresses can be presented in 
English, French, or German as the author may select, but where 
convenient the English language will be preferred. 

The committee desires to ask those chemists who propose to 
attend the World’s Congress to make an excursion during the 
week previous to the meeting to Madison, Wis., for the purpose 
of attending the meetings of the Chemical Section of the Ameri- 
can Association for the Advancement of Science. This will 
not only be a delightful excursion, as Madison is distant only 
about four hours from Chicago, but will also enable the partici- 
pants in the congress to make the acquaintance of the scientific 
men of the United States and other countries, engaged not only 
in chemical, but also in other branches of science. 

Other attractions in Chicago will be meetings of different 
chemical societies. Among these may be mentioned the Ameri- 
can Chemical Society, the annual meeting of which will begin 
August 21, and the Association of Official Agricultural Chem- 
ists, which will hold its annual meeting in Chicago, beginning 
Thursday, August 24. The sessions of these societies will be so 
ordered as not to conflict with the business of the congress. The 
American Pharmaceutical Association, which has a strong 
chemical section, will also meet in Chicago at or near this time. 
The American Institute of Mining Engineers will also hold its 
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meeting in Chicago beginning on Monday, July 31. It is thus 
seen that this occasion will bring together the active workers in 
all branches of chemical science in the United States and enable 
American chemists to make the acquaintance of distinguished 
co-laborers from abroad, and the visiting chemists to meet the 
largest possible number of their fellow-laborers here. 

Every possible arrangement will be made for the convenience 
and comfort of visitors. Intending participants in the congress 
should address Prof. John H. Long, 2421 Dearborn street, 
Chicago, Ill., for information in regard to quarters and other 
accommodations. On arrival in Chicago, visitors should report 
at once to the Congress Headquarters, Art Institute Building, 
Lake Front and Adams Street, where full information will be 
given them in regard to matters connected with their personal 
comfort. Wherever possible, intending visitors should write a 
few days before their arrival to the address above mentioned 
in order that special provision may be made for their comfort 
when they reach Chicago. 

In regard to the climate of Chicago in August much can be 
said in praise. While warm days may sometimes be expected 
the situation of the city on the edge of a vast open prairie ex- 
tending for nearly a thousand miles north and west without a 
break secures even in the hottest day refreshing breezes which 
cool the atmosphere and mitigate the heat of summer. The 
lake breezes also do much to render the climate moderate. No 
one need be deterred from attending the congress on account of 
fear of severe heat. 

It is especially urged that all chemists who intend visiting 
the World’s Fair take this occasion to do so, by which they 
can combine the pleasure of visiting the Exposition with the 
benefit derived from attendance at the congress. ‘To American 
chemists an especial appeal is made to be present for the pur- 
pose of welcoming our foreign visitors and showing them the 
progress of chemical science in the United States. 

HARVEY W. WILEY, 
Chief of Chemical Division, U. S. Department of 
Agriculture, and Chairman of the Joint Com- 
Juty 1, 1893 mittees on the World’s Chemical Congress. 




















MUTER’S [METHOD FOR THE ANALYSIS OF FATS 
AND OILS.' 


By NATHANIEL J. LANE. 


In the Analyst of April, 1889, Muter publishes a method of 
analyzing fats and oils, which consists in determining the per- 
centage of fluid acids and their iodine absorption. 

The method is as follows : 

It is first necessary to described ‘‘ Muter’s Olein Tube.’ 
This is essentially a burette with a bulb at the top, and pro- 
vided with a well-ground stopper. The graduated part is of 
such a width as to show distinctly one cc. inthe graduations, and 
it has a stop cock at a height of fifty cc. from the bottom. The 
graduations commence at forty cc. from the lower end, and con- 
tinue up to 250 cc., ending just below the bulb. The tube can 
be fastened in an ordinary clamp, and may be arranged ina 
water jacket in warm weather. 


’ 


THE PROCESS. 


Weigh off about three grams of the oil or fat in a tared flask ; 
an Erlenmeyer of about 200cc. capacity isconvenient. Tothis add 
fifty cc. alcohol and a fragment of solid potassium hydrate suf- 
ficiently large to saponify the fat. Close the mouth of the flask 
with a cork carrying a long tube drawn to a point, and heat on 
a water bath until completely saponified ; add a drop of phenol- 
phthalein and then acetic acid to faintly acid reaction and drop 
in alcoholic potash until the very slightest pink tinge is restored. 
200 cc. of boiling distilled water are placed in a 500 cc. basin, 
thirty cc. of a ten per cent. solution of lead acetate are added 
and the whole boiled. Into this the soap solution is slowly 
poured, with constant stirring, and the whole allowed to cool 
slowly stirring well so as to cause the precipitate to agglomerate, 
and the clear liquor is poured off. Boiling water is poured on, 
and the precipitate washed by decantation, working rapidly. 
When the washing is complete, the precipitate is scraped from 
the basin into a stoppered bottle, and eighty cc. of vedistilled 


1 Read before the New York Local Section, June 2, 1893 
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ether' having been poured on it, the remaining particles of the 
precipitate are washed from the basin into the bottle with ether, 
and the bulk of ether in the bottle is made up to 120 cc. The 
bottle is securely closed and allowed to stand (with occasional 
shaking), for twelve hours, during which time the lead oleate 
will entirely dissolve. A funnel with a ground edge is ar- 
ranged over the ‘‘olein tube,’’ a filter is placed therein and the 
contents of the bottle having been filtered into the tube, the in- 
soluble lead stearate, etc., remaining on the filter, is washed 
with ether until the washings pass free from lead. This will 
usually be attained by ‘the use of 100 cc. of ether; during the 
filtration and washing the funnel must be kept covered by a 
ground glass plate. The funnel having been removed, dilute 
hydrochloric acid is poured into the tube up to the first mark 
(thus using about forty cc. of acid, one in four) and the tube 
having been closed by the stopper and taken from the clamp, is 
thoroughly shaken until the decomposition is complete, which 
is indicated by the ethereal solution clearing up. The tube is 
returned to the clamp, the liquids allowed to separate, and the 
aqueous layer is run off by the bottom pinch cock. Water is 
then poured in up to the same mark, the whole is again shaken 
and separated as before, and this is repeated until the washings 
are drawn off free from acidity. Water is then once more run 
in until the ether is forced up to the zero mark, and ether added 
(if necessary) so as to bring its upper layer to a definite point 
(say 200 cc.), and the total volume is read off and noted. Fifty 
cc. of the ethereal solution of the fluid acids are run into an 
Erlenmeyer flask, and the flask having been attached to a 
condenser, the ether is distilled off by a bath of warm water 
until only a little remains. It is important that the whole of the 
ether should not be distilled off, so as to avoid contact of the 
acids with the air. Fifty cc. of pure alcohol (or methylated 
spirit that has been rectified over potassium hydrate) are added 
to this residue, and the solution is titrated with decinormal soda, 


ay ’ 


1Since reading this paper, I have noticed an article in the Analyst of December, 
1892, by Otto Hehner on the separation of solid and liquid acids, in which he says that 
the accurate separation of the above acids by solution im ether is impossible, owing to 
the solubility of lead stearate in ether, but as he extracted in a Soxhlet, the ether was, 
of course more or less warm and I have found that the hot ethereal solution invariably 
holds up lead salts of solid acids, which are deposited on cooling. ‘ 
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using phenolphthalein as indicator. Each cc. of soda used 
represents 0.0282 of oleic acid, and the amount found is cal- 
culated up to the total bulk of the ethereal solution, so as to 
obtain the total liquid acids in the weight of fat started with. 

Run off as many cc. as will contain 0.5 gram of oleic acid (or 
as nearly that quantity as can be conveniently measured by the 
instrument, of course carefully noting the amount taken) into 
a stoppered bottle, of at least 350 cc. capacity the ether distilled 
off in a current of carbonic acid, which has been passed through 
a solution of sodium bicarbonate and dried over calcium chloride, 
and when every trace of ether has been expelled, fifty cc. of 
Hubl’s solution are added, set aside in a perfectly dark place, 
with a blank and after twelve hours titrated as usual. 

_ While the results obtained by this process were unexception- 
able, it was too tedious for factory work ; therefore experiments 
were made to shorten it, which resulted in the following modifi- 
cation : Precipitate the lead soaps in a 600 cc. Erlenmeyer flask, 
in place of a basin, cool under running water, giving the flask a 
circular motion, which causes the precipitate to adhere to the 
sides ; when the flask is perfectly cold wash by decantation, using 
hot water, and rinse once with alcohol, then add 120 cc. of ether 
(redistilled), attach a reflex condenser and boil on a water 
bath until all the lead oleate is dissolved and the insoluble por- 
tion is a fine powder. Then cool thoroughly ; this is very im- 
portant, as some of the lead compounds are soluble in hot ether, 
but not in cold. The object of boiling the lead soaps with ether 
is to shorten the filtration, for when treated as Muter directs, 
the filtration takes six to eight hours, while boiling reduces the 
time from twenty-five to fifty minutes. The balance of the pro- 
cess is carried out exactly as Muter directs. 

The following are some results obtained by the process : 


Sample number, 


570 571 572 573 574 
Liquid acids --....-+++ee+ 68.05 ©75.26 .77:64, 76:73. 76.67 
- ‘* jodine number 141.09 141.96 143.49 141.97 140.59 
Hubl’s number .....-....- 99.30 108.36 110.96 108.95 109.229 


Saponification equivalent. 288.21 297.51 296.27 284.75 288.94 
Titer of fatty acids ....... 36.6 TA 30.4 33.8 33.40 
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No. 570 is Cotton Seed Stearine, one year old. 
‘* 571 is Summer Yellow C. S. oil, one year old. 
‘* 572 is Winter Yellow C. S. oil, one year old. 
‘ 573 is C. S. oil from Columbia, S. C. 
“* 574 is C. S. oil from New Orleans. 
Sample number, 
575 1529 1530 1626 
Liquid acids.............- 64.15 83.97 86.96 79.84 
ee iodine number 99.48 144.40 139.40 114.00 
Hubl’s number ......-...- 64.96 121.70 122.70 93-53 
Saponification equivalent. 287.85 =e eeeee eres tee eee 
Titer of fatty acids ....... 37-4 Hageanl yl Oued strek Seen 


No. 575 is an average sample of Steam Lard. 

1529 is Corn Oil. 

1530 1S = 

1626 is Peanut Oil; the solid fatty acids showed Arachidic acid in 
large quantity. 

The iodine number of the liquid lard acids is unusually high ; 
Muter gives ninety-two to ninety-four, but this seems rather too 
low, the average being about ninety-six. I hope, at some 
future period to make a more complete investigation of this 
method, and present the results to the Society. 


LABORATORY NOTES. 
By FRANK JULIAN. 
Received June 22, 1893 
DETERMINATION OF CARBON IN STEEL. 

FTER dissolving a sample of wrought steel in copper- 
A ammonium-chloride or copper-potassium-chloride, the car- 
bon remains in the form of a soft mass, which is tedious to filter and 
troublesome to wash completely. These difficulties may be over- 
come by the use of the following device: A piece of stiff platinum 
gauze about fifty mm. in diameter is bent into the form of a shal- 
low dish, and to the edge is soldered a thick platinum wire which 
hooks over the edge of the beaker, suspending the gauze about 
forty mm. below. ‘The saturated copper solution is poured on the 
drillings in the gauze (to remove air-bubbles) until it is covered, 
and the beaker allowed to stand until complete solution has oc- 
curred. This will require from one to four hours, depending on 
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the fineness of the drillings; if convenient, it may stand over 
night. 

The carbon, nearly all of which in the case of the harder 
varieties of steels, remains in the gauze, is washed back into the 
beaker, and after settling a short time, is filtered in the usual 
manner. 

Although a larger quantity of the copper solution must be 
used, and a longer time is required for dissolving in this way, 
yet the ease of filtration and washing is a sufficient compensation ; 
especially in the analysis of steels of over 0.20 per cent. of 
carbon, when the residue retains the form of the original drill- 
ings, and may be washed entirely by decantation. 

In the softer steels where the drillings are in the form of lumps, 
a little gas is evolved during solution, which, however, is nearly 
odorless. 

COMBUSTION OF CARBON IN AIR. 

The carbon separated from steels, I find may be burned com- 
pletely in a current of air, dispensing with the use of oxygen 
which is frequently difficult to purchase of the desired purity. 
The combustion should proceed rather slowly ; the roll of copper 
oxide in front of the boat being kept at a dull red heat throughout. 


PRECIPITATED BINOXIDE OF MANGANESE. 


When manganous nitrate in solution in strong nitric acid is 
heated with potassium chlorate, a precipitate of manganese 
binoxide forms, in which the manganese may be estimated 
gravimetrically, or calculated from the weight of the extra atom 
of oxygen found volumetrically. Many chemists aver that the 
latter proceeding always yields lower results than the former, 
presumably because an oxide lower than the binoxide is co- 
precipitated, ¢. ¢., 1o MnO,-+ MnO (Stone, 7vans. A. J. M.E., 
11, 327 and 12, 517) ; while others deny this, claiming, with 
good reason, that in such a strongly oxidizing solution, no such 
lower oxide could be formed (Mackintosh, /oc. c#t., 12, 79 and 
Troilius, 12, 75). 

An observation of a large number of determinations made on 
the same samples by both methods seems to prove that a greater 
or less discrepancy is always to be found; for example, on a 
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ferromanganese of eighty per cent., a difference of upwards of 
one per cent. is frequently obtained ; while in steel the results 
are practically identical. 

It has occurred to me that the explanation of this fact was sim- 
ply that more or less (according to the conditions of dilution, etc. ) 
manganous nitrate was carried down mechanically enclosed in 
the precipitating binoxide, and from which, as in the analogous 
case of barium chloride occluded in barium sulphate, it cannot 
be removed by washing with nitric acid or water. It is found 
that when the solution of manganese contains ferric nitrate, 
a small quantity of iron is precipitated with the binoxide ; this 
may be ferric nitrate enclosed in the same manner, and where 
the amount of manganese or of iron in solution is relatively 
large, one would expect to find a greater quantity in the 
precipitate. 


USE OF HYDROGEN PEROXIDE. 


In the analysis of steel or iron, a dilute solution of this reagent 
may be used with advantage to dissolve the manganese binoxide 
precipitated by potassium chlorate, the excess being found by 
titration with 1-20 normal permanganate. For this purpose it 
has been employed for some years in this laboratory with good 
results, being used without filtration of the nitric acid from the 
manganese binoxide, as it is unaffected by dilute nitric acid and 
the slight excess of chlorine present. One molecule of man- 
ganese binoxide is reduced by one molecule of hydrogen per- 
oxide ; and one molecule of permanganate of potassium by five 
molecules of the peroxide. 


PHOSPHORUS IN PHOSPHOR-BRONZE. 


When some samples of phosphor-bronze are dissolved in 
diluted nitric acid, the phosphorus is acted on in a similar manner 
to that in iron and steel, a portion of it passing into a com- 
bination with oxygen which does not combine with metastan- 
nic acid, nor is precipitated by molybdic acid. It is advisable, 
therefore, to complete the oxidation by evaporating the filtrate 
from the metastannic acid with chlorate of potassium, or other- 
wise, and then to test with molybdic solution. Occasionally 
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samples of phosphor-bronze yield as much as seven per cent. of 
the total phosphorus in the solution; others show only traces. 


LABORATORY ILLINOIS STEEL Co., 
SOUTH CHICAGO. 


PATENTS OF INTEREST TO CHEMISTS. 
EDITED BY A. H. WELLES. 

Nitric Acid.—Oscar Guttmann makes nitric acid by forming gaseous 
nitric acid in a distilling chamber, conducting it in a tube to a condenser 
and introducing an air-blast into the tube to act upon the gaseous nitric 
acid before condensation (491,481). 

Starch.—Julius Dubiel has a process for the manufacture of starch 
(493,689). 

Fertilizers.—To make fertilizer from tank water, O. T. Joslin (489,010) 
evaporates the water to a thick syrup, adds a small per cent. of sulphuric 
acid and from five to twenty per cent. of magnesium sulphate, absorbs 
the supernatant liquid with some suitable substance and dries the mass 
at 300°-400° F. and grinds. 

Cattle Food.—Arno Behr treats Indian corn in aqueous solution with 
sulphurous acid, separates the starch as usual, adds sulphuric acid to 
the steeping water, evaporates, and adds an absorbent to form a rich 
cattle food (491,234). 

Sugar.—489,879 is granted Carl Steffen for a process for obtaining 


sugar. 
Milk and Butter.—A milk coagulating product is patented by Clarence 
P. Eyre, but the description is exceedingly vague as to the nature of the 


ferment used (491,416). Pepsin, gum arabic, and alum are claimed by 
S. C. Wilson (489,775) as a compound for increasing the yield of butter 
from milk, and David W. Hudson e¢ al. proposes (489,814) to manufac- 
ture a so-called butter containing pure butter, sweet milk, and oil of 
cocoanut. 

PBrewing.—A. Hummel has a new process for the manufacture of beer 
(492,292), C. Heintz, a method and apparatus for purifying and soften- 
ing liquors (492,542), and R. Rahr a process for making caramel malt 
(491,813). Moses Wool is granted 493,460 for a process for making 
brandy-mash and composition for same, and electricity is used by John 
Becker for purifying and ageing liquors (493,809). 490,538 is a process 
for preparing raw grain proposed by H. T. Brown. 490,056, Otto 
Zwietusch, patentee, is a process for making beer, and Arnold Kreusler 
(489,018) also has a new method of obtaining the same beverage, and E. 
A. Spink ages liquors in an original way (489,337). 

Filtering Apparatus.—Simeon 1. West has an apparatus for purifying, 
sterilizing, and filtering drinking water or other potable liquids (491,828). 
Disinfectant.—Should the cholera come this year, as is feared, Albert 
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E. Woolf’s disinfectant and deodorizer (490,797) ought to be a valuable 
one, containing as it does ‘‘chlorine, chlorides, hypochlorites, free oxy- 
gen, and ozone.’’ What more could one desire? 

Grease E-xtractor.—Benedickt Ehman employs a mixture of gasolene, 


’ 


sulphuric ether, alcohol, spirits of ammonia, powdered borax, powdered 
carbonate of soda, and saltpeter, for removing grease (491,413). 

Paints, Cements, etc.—Finely ground mica is used as the base, which 
combined with oil, a pigment, and a binder forms a paint compound 
introduced by W. B. Abert (491,003).. Robert R. Graf uses tungstate of 
ammonium, hyposulphite of ammonium, sulphate of soda, caustic lime, 
chalk, alum, carbonate of soda, and oil for a fire-proof paint (494,508). 
Vinegar, lime-water, salt, alum, white vitriol, linseed or other drying 
oil, and petroleum is the combination Richard J. Doyle uses (490,547) 
for a non-inflammable paint, and the same combination with the addition 
of from twenty-five to eighty-five per cent. of aluminum silicate in the 
form of soft unctuous clay (490,548) is used for a non-inflammable cement. 
Aluminum dissolved in glacial phosphoric acid, mixed with zine oxide, 
which has been first ‘“‘ heated to reduce to a gummy condition,’’ forms a 
base for a dental cement, which Max Sichel covers by 492,056. A cement 
composed of pulverized spent lime, pulverized carbon, silica, iron oxide, 
alumina, lime, magnesia, slaked rock lime, and sand is the invention of 
Bernard Dreyfuss (491,280). 

‘tatent Plasters.—Herman Endemann is the patentee of a composition 
for artificial stone (489,377). Magnesia, magnesium hydrate, basic 
oxalate of magnesium, and sand are named. Air-slaked lime, glue, or 
oil cake, and china clay, are the ingredients of a compound used by 
Enos A. Bronson for retarding the setting of plaster (493,613). 

Miscellaneous Compounds.—Caroline S. Ely (493,693) names soda ash, 
ammonium sulphate, borax, oat and wheat flour, as a washing com- 
pound. R.B., J. L., and R. W. McEwen patent a process for forming 
paper board from old newspapers (492,927). Frank S, Culver patents a 
fire-proofing composition for wall covering containing asbestos fiber, 
clay, plaster of Paris, ‘‘Acme’’ cement, and a binding fiber (493,152) and 
James F. Thompson has a new burnishing composition (494,514). John 
F. Newell receives two patents on compositions for bearings: 494,156 
mentions plumbago, fibrous substance, red lead, white lead, and a dry- 
ing oil; and 494,433, plumbago, fibrous substance, an oxide, carbonate 
or basic carbonate of lead. James L,. Covel describes his material for 
covering pipes as consisting of wheat flour, pulverized alum, arsenic, red 
lead, litharge, beef gall, and water (491,836). Richard V. Mattison has 
taken out three patents: one (492,092) is for a non-heating composition 
composed of calcium carbonate, magnesium carbonate, and asbestos; 
the second (492,093) is a boiler covering composition containing mag- 
nesium carbonate, plaster of Paris, asbestos, and wood pulp; and the 
third is similar (492,094) with the exception that calcium carbonate is 
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substituted for the plaster of Paris. Gustav Gumbel uses the waste 
liquors from the manufacture of sulphite cellulose, glue, and hydraulic 
lime, as a compound for ‘‘ water-proofing oil receptacles’’ (491,284). A 
composition for leather for razor straps consisting of tallow, beeswax, 
molasses, and chimney ashes from burnt coal is the idea of Frank Minnis 
(490,030). Matthew H. Devey uses powdered slag, glass, and a binding 
medium for an insulating compound (490,641). George S. Lee (490,667) 
is granted the right to use ‘‘asphaltum, distilled coal-tar, residuum of 
petroleum, disintegrated paper, or wood pulp, and air-slaked lime ’”’ for 
the ingredients for a patent pavement. David A. Wray (491,395) uses 
tar or the residuum, or heavier products of oils, mixed with chloride of 
sulphur and chloride of iron, for a roofing and paving composition. 
Ludwig Haarmann secures a surface of asphaltic mastic by first coating 
with a solution of a bituminous substance, and applying mastic after 
evaporation of the solvent (492,197). A new compound of blown oils is 
described as ‘‘ blown, non-drying glycyl ether of an unsaturated fatty 
acid, combined with pyroxylin or nitro-cellulose,’’ and Walter D. Field 
is the patentee (491,880). Plumbago, white lead litharge, and asbestos, 
and a binding or cementing substance as resin, or gum copal in linseed 
oil, is claimed by John T. Richards as a composition for journal bearings 
(492,750). Byron B. Goldsmith produces nitro-cellulose or celluloid 
surfaces by coating with pyroxylin varnish and varnishes containing 
resin (490,195). That indefatigable worker, Thos. A. Edison, has an im- 
provement (490,954) in the manufacture of carbon filaments for electric 
lamps. 

Dyes and Dyeing.—Charles Noroy (493,286) first dips goods to be dyed 
black into a bath of water, logwood, and a copper salt, then immerses in 
a fixing bath, composed of ‘‘ neutralized nitrated starch,’’ alum, metallic 
sulphates, potassium bichromate, and a small quantity of soda or am- 
monia. Leopold Le Blois has a method and apparatus for bleaching or 
dyeing textile materials (489,819). Bruno Beyer treats silk waste to the 
action of oil soap, cold water, and salt steam baths, drys, and then sub- 
jects to the action of potassium permanganate (489,919). Frank P. Pear- 
son (491,951) and George Donald (491,961) patent processes for printing 
colors with aniline black, as well as Wm. Browning (491,673). Robert 
Gnehm and Jakob Schmid introduce a new brown dye (491,422), the 
sodium salt of an azo-derivate of meta-diazo-benzoic acid and Bismarck 
brown; Theodore Diehl derives a new blue-black azo dye (491,410), 
Jakob Schmid and Johannes Mohler, a new violet-blue induline dye, 
prepared by melting a mixture of para-phenylene-diamine, hydrochlor- 
ate of para-phenylene-diamine, and alpha nitro-naphthylamine at 160 
to 190°, dissolving the melt in hydrochloric acid and precipitating with 
common salt (491,378). Bruno R. Seifert obtains a dye from alpha 
oxyuvitic acid (493,143); Herman Boedeker, a pink dye, the alkali salt 
of a sulphonic acid, derived from fluorescein chloride and mesidine 
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(493,241). Jakob Schmid has a blackish blue azo-dye (493,563) and a 
gray-black tetrazo-dye (493,564), and Jakob Schmid and Robert Gnehm 
patent a red azo-dye (493,583). Mr. Schmid and R. Paganini prepare 
mono-sulpho-dioxynaphthoic acid by heating the sodium salt of di-sulpho- 
beta-oxy-naphthoic acid with caustic alkalies at 200° to 260°, and precipi- 
tating the dissolved melt with hydrochloric or sulphuric acids (493,562). 
489,623 is granted Fritz Bender on a ‘‘ yellow-red’’ dye, by oxidizing the 
bluish-red dye stuffs derived from dialkylmeta-amido phenols. Albert 
Herrmann (490,408) derives a new color from tetralkyl-diamido-tripheny] 
carbinols, a copper red powder with metallic luster, ‘‘ soluble in water, 
insoluble in alcohol and benzine, dyeing wool and silk in acid bath very 


” 


uniform blue shades. Professor Peter T. Austen incorporates an 
alkaline nitrate with logwood extract, producing thereby a friable solid, 
soluble in cold, and very soluble in hot water (491,972). He uses a simi- 
lar method in preparing a solid coloring matter from fustic (492,368), 
and to cure logwood chips, adds a solution of a nitrite (494,237). 

Organic Compounds.—Joseph Berlinerblau (489,728) prepares para- 
phenetol carbamide by treating para-phenetidin or para-anisidin with 
phosgene, adding ammonia to the products, and crystallizing out the re- 
sulting compound. R. P. Pictet (489,552) purifies commercial chloro- 
form by cooling to 8o0°-82°, filtering the cold mass, crystallizing the 
chloroform, separating the non-crystallizable part, and finally distilling 
the chloroform at a very low temperature, and collecting the middle 
products. An antiseptic and antineuralgic compound, derived from sali- 
cylic acid, is patented by Herman Janssen (492,868). It has the formula 

OH 
i yu 
COO—C,H,—N¢ 
COCH, 
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LECTURE NOTES ON THEORETICAL CHEMISTRY. By FERDINAND G. 
WIECHMANN, PH.D., INSTRUCTOR IN CHEMICAL, PHYSICS AND CHEMI- 
CAL, PHILOSOPHY, SCHOOL, OF MINES, COLUMBIA COLLEGE. New York: 
John Wiley & Sons. 12mocloth. Price, $2.50. 

A handy little volume of 225 pages, nicely put up both in 
type and paper, and intended to aid those entering upon a study 
of theoretical chemistry, more particularly those attending lec- 
tures on this topic. 

The book differs in many respects from others dealing with 
the same subject. It does not pretend to philosophically survey 
and critically sift the existing theories in chemistry ; it does 
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not address chemists who have been actively working for years, 
and who, perhaps, have arrived at distinct ideas of their own 
about the value of this or that theory in regard to the observed 
regularities and constants in chemical action. It addresses col- 
lege students, accompanying them during the very time of their 
laboratory work. ‘This is evident from the fact that the first 
eight chapters are almost exclusively explanatory of methods 
employed in the laboratory for making certain determinations 
such as specific gravity of solids, liquids, and gases, or explana- 
tory of terms used in chemistry. The American spelling and 
pronunciation of chemical terms as adopted by the American 
Association for the Advancement of Science in 1891 has been fully 
reproduced at the end of the third chapter, which begins with the 
oldest chemical terms and gives the notation of the alchemists. 

Chapters treating on valency, on the writing of chemical 
equations, and a very perfect description of chemical calcula- 
tions, illustrated by numerous examples, follow. 

It seems to us desirable that the sixth chapter, which devotes 
but half a page to ‘‘isomerism’’ and three pages and a half to 
‘*stereochemistry,’’ should be elaborated more fully in the next 
edition. 

The ninth chapter treats of the periodic law, and this as well 
as the following chapters down to the end, formed by chapter 
14 on electro-chemistry, include in a very small space a great 
deal of matter important to the understanding of the outlines of 
theoretical chemistry. 

The methods of measuring osmotic pressure are indicated, 
but not as perfectly treated as the methods treated in the earlier 
chapters dealing with specific gravity and vapor density, evi- 
dently for the reason that students are not called upon to 
practically perform these determinations, which lie beyond the_ 
range of practical college laboratory work. 

The chapters on thermo-chemistry and electro-chemistry are 
concise and abound in practical data. 

As a sign of honest work and at the same time a welcome 
help'to the student we find at the end of the book ten pages of 
bibliography. An alphabetically arranged index of subjects as 
well as of names cited finishes the volume. F. 








